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Molecular Vaccines Employing Nucleic Acid Encoding Anti-Apoptotic Proteins 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention in the fields of molecular biology, immunology and medicine relates 
to combinations or mixtures of nucleic acid molecules and chimeric nucleic acid molecules that 
encode an antigen and an anti-apoptotic protein, and their uses a immunogenic compositions to 
induce and enhance immune responses, primarily cytotoxic T lymphocyte (CTL) responses to 
specific antigens such as tumor or viral antigens. The optionally chimeric antigen-encoding nucleic 
acids also encode a fusion protein comprising an antigenic polypeptide fused to an immuiiogenicity- 
potentiating polypeptide ("IPP") that promotes processing via the MHC class I pathway and 
selective induction of immunity mediated by CD8 + antigen-specific CTL. 

Description of the Background Art 

Cytotoxic T lymphocytes (CTL) are critical effectors of anti-viral and antitumor responses 
(reviewed in Chen, CH et ah, J Biomed Sci. 5: 23 1-252, 1998; Pardoll, DM. Nat Med. 4: 525-53 1, 
1998; Wang, RF et ah, Immunol Rev. 170: 85-100, 1999). Activated CTL are effector cells that 
mediate antitumor immunity by direct lysis of their target tumor cells or virus-infected cells and by 
releasing of cytokines that orchestrate immune and inflammatory responses that interfere with tumor 
growth or metastasis, or viral spread. Depletion of CD8 + CTL leads to the loss of antitumor effects 
of several cancer vaccines (Lin, K-Y et ah., Cane Res. 56: 21-26, 1996; Chen, C-H et ah, Cane Res. 
60: 1035-42, 2000). Therefore, the enhancement of antigen presentation through the MHC class I 
pathway to CD8 + T cells has been a primary focus of cancer immunotherapy. 

Naked DNA vaccines have emerged recently as attractive approaches for vaccine 
development (reviewed in Hoffman, SL et ah, Ann N Y Acad Sci. 772: 88-94, 1995; Robinson, HL. 
Vaccine. 15: 785-787, 1997; Donnelly, JJ et ah ., Annu Rev Immunol. 15: 617-648, 1997; 
Klinman, DM et ah, Immunity. 11: 123-129, 1999; Restifo, NP et ah, Gene Ther. 7; 89-92, 2000; 
Gurunathan, S et ah, Annu Rev Immunol. 75; 927-974, 2000). DNA vaccines generated long-term 
cell-mediated immunity (reviewed in Gurunathan, S et ah, Curr Opin Immunol. 12: 442-447, 2000). 
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In addition, DNA vaccines can generate CD8 + T cell responses in vaccinated humans (Wang, R et 
ah Science. 252; 476-480, 1998). 

However, one limitation of these vaccines is their lack of potency, since the DNA vaccine 
vectors generally do not have the intrinsic ability to be amplified and to spread in vivo as do some 
5 replicating viral vaccine vectors. Furthermore, some tumor antigens such as the E7 protein of 

human papillomavirus- 16 ("HPV-16") are weak immunogens (Chen et al. ? 2000, supra). Therefore, 
there is a need in the art for strategies to enhance DNA vaccine potency, particularly for more 
effective cancer and viral immunotherapy. 

The present inventors and their colleagues demonstrated that linkage of HP V- 16 E7 antigen 

10 to a number of immunogenicity-potentiating polypeptides, such as Mycobacterium tuberculosis 

(Mtb) heat shock protein 70 (Hsp70) led to the enhancement of DNA vaccine potency (Chen et al, 
supra; Wu et ah, WO 01/29233). This followed the discovery that immunization with HSP 
complexes isolated from tumor or virus-infected cells potentiated anti-tumor immunity (Janetzki, S 
et ah, 1998. JImmunother 27:269-76) or antiviral immunity (Heikema, AE et at, Immunol Lett 

15 57:69-74). Immunogenic HSP-peptide complexes could be reconstituted in vitro by mixing the 

peptides with HSPs (Ciupitu, AM et al, 1998. J Exp Med 187:685-91). Furthermore, HSP-based 
protein vaccines have been created by fusing antigens to HSPs (Suzue, K et al, 1996. J Immunol 
156:873-9). The results of these investigations point to HSPs one attractive candidate for use in 
immunotherapy. However, prior to the present inventors' work, HSP vaccines were 

20 peptide/protein-based vaccines. The present inventoirs and their colleagues were the first to provide 
naked DNA and self-replicating RNA vaccines that incorporated HSP70 and other immunogenicity- 
potentiating polypeptides. The present inventors and their colleagues also demonstrated that linking 
antigen to intracellular targeting moeities calreticulin (CRT), domain II of Pseudomonas aeruginosa 
exotoxin A (ETA(dll)), or the sorting signal of the lysosome-associated membrane protein type 1 

25 (Sig/LAMP-1) enhanced DNA vaccine potency compared to compositions comprising only DNA 
encoding the antigen of interest. To enhance MHC class II antigen processing, one of the present 
inventors and colleagues (Lin, KY et al, 1996, Cane Res 56: 21-26) linked the sorting signals of the 
lysosome-associated membrane protein (LAMP-1) to the cytoplasmic/nuclear human papilloma 
virus (HPV-16) E7 antigen, creating a chimera (Sig/E7/LAMP-1). Expression of this chimera in 

30 vitro and in vivo with a recombinant vaccinia vector had targeted E7 to endosomal and lysosomal 
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compartments and enhanced MHC class II presentation to CD4+ T cells. This vector was found to 
induce in vivo protection against an E7+ tumor, TC-1 so that 80% of mice vaccinated with the 
chimeric Sig/E7/LAMP1 vaccinia remained tumor free 3 months after tumor injection. Treatment 
with the Sig/E7/LAMP-1 vaccinia vaccine cured mice with small established TC-1 tumors, whereas 
5 the wild-type E7-vaccinia showed no effect on this established tumor burden. These findings point 
to the importance of adding an "element" to an antigenic composition to enhance in vivo potency of 
a recombinant vaccine: in this case, a polypeptide that rerouted a cytosolic tumor antigen to the 
endosomal/lysosomal compartment 

Intradermal administration of DNA vaccines via gene gun in vivo have proven to be an 

10 effective means to deliver such vaccines into professional antigen-presenting cells (APCs), 
primarily dendritic cells (DCs), which function in the uptake, processing, and presentation of 
antigen to T cells. The interaction between APCs and T cells is crucial for developing a potent 
specific immune response. However, various of the stragetegies noted above lead to apoptosis of 
APCs. For example, DNA-based alphaviral RNA replicon vectors, also called suicidal DNA 

1 5 vectors, have an advantage of greatly reducing the risk of that the vaccine DNA molecule(s) will 
integrate into the DNA of a host cell and further transform the cell. Suicidal DNA vectors do so 
becausee they eventually cause apoptosis of any transfected cells. The disadvantage is that 
expression of inserted genes in these vectors is transient, as apoptotic cell death of those cells 
expressing the immungenic proteins may compromise the potency of a suicidal DNA vaccine. 

20 Therefore, a strategy to prolong the survival of APCs is expected to enhance antigen-specific 

T cell immune responses even more then the some of the chimeric DNA vaccines that simply 
combine antigen with a immunogenicity-potentiating polypeptide. 

SUMMARY OF THE INVENTION 

25 The present inventors have designed and disclose herein an immunotherapeutic strategy that 

combines antigen-encoding DNA vaccine compositions with additional DNA vectors comprising 
anti-apoptotic genes including bcl-2 , bc-lxL, XIAP, dominant negative mutants of caspase -8 and 
caspase-9, the products of which are known to inhibit apoptosis. Serine protease inhibitor 6 (SPI-6) 
which inhibits granzyme B, is also employed in novel compositions and methods to delay apoptotic 

30 cell death of DCs. 
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The growing understanding of the antigen presentation pathway creates the potential for 
designing novel strategies to enhance vaccine potency. One strategy taken by the present inventors 
in the present invention to enhance the presentation of antigen through the MHC class I pathway to 
CD8 + T cells is the exploitation of the features of certain polypeptides to target or translocate the 
5 antigenic polypeptide to which they are fused. Such polypeptide are referred to collectively herein 
as "zmmunogenicity-potentiating (or -promoting) polypeptide" or "IPP" to reflect this general 
property, even though these IPP's may act by any of a number of cellular and molecular mechanisms 
that may or may not share common steps. This designation is intended to be interchangeable with 
the term "targeting polypeptide." Inclusion of nucleic acid sequences that encode polypeptides that 

10 modify the way the antigen encoded by molecular vaccine is "received" or "handled" by the immune 
system serve as a basis for enhancing vaccine potency. All of these polypeptides in some way, 
contribute to the augumentation of the specific immune response to an antigen to which they are 
linked by one or another means that these molecules "employ" to affect the way in which the cells 
of the immune system handle the antigen or respond in terms of cell proliferation or survival. IPP's 

15 may be produced as fusion or chimeric polypeptides with the antigen, or may be expressed from the 
same nucleic acid vector but produced as distinct expression products. 

In addition to the strategy of including DNA encoding such IPPs in their vaccine constructs, 
the present inventors have now discovered that the harnessing of an additional biological 
mechanism, that of inhibiting apoptosis, significantly enhances T cell resopnses to DNA vaccine 

20 comprising antigen-coding sequences as well as linked sequences encoding such IPPs. 

Intradermal vaccination by gene gun efficiently delivers a DNA vaccine into DCs of the 
skin, resulting in the activation and priming of antigen-specific T cells in vivo. DCs, however, have 
a limited life span, hindering their long-term ability to prime antigen-specific T cells. According to 
the present invention, a strategy that prolongs the survival of DNA-transduced DCs enhances 

25 priming of antigen-specific T cells and thereby, increase DNA vaccine potency. As described herein 
(see Example I) co-delivery of DNA encoding inhibitors of apoptosis (BCL-xL, BCL-2, XIAP, 
dominant negative caspase-9, or dominant negative caspase-8) with DNA encoding an antigen 
(exemplified as HPV-16 E7 protein) prolongs the survival of transduced DCs. More importantly, 
vaccinated subjects exhibited significant enhancement in antigen-specific CD8+ T cell immune 

30 responses, resulting in a potent antitumor effect against antigen-expressing tumors. Among these 
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anti-apoptotic factors, BCL-xL demonstrated the greatest enhancement of both antigen- specific 
immune responses and antitumor effects. Thus, co-administration of a DNA vaccine with one or 
more DNA constructs encoding anti-apoptotic proteins provides a novel way to enhance DNA 
vaccine potency. 

5 The combination of a strategy to prolong DC life with intracellular targeting strategies 

effected by certain IPPs produce a more effective DNA vaccine against HPV E7. Co-administration 
of DNA encoding Bcl-xL with DNA encoding E7 linked to HSP70, CRT, or Sig/E7/LAMP-1 
resulted in further enhancement of the E7-specific CD8+ T cell response for all three constructs. 
This combination increased CD 8+ T cell functional avidity, and increased the E7-specific CD4+ 

10 Thl cell response, enhanced tumor therapeutic effect, and yielded more durable tumor protection 

when compared with mice vaccinated without Bcl-xL DNA. Therefore, DNA vaccines that combine 
strategies to enhance intracellular Ag processing and prolong DC life have clinical utility for control 
of viral infection and neoplasia. 

Serine protease inhibitor 6 (SPI-6), also called Serpinb9, inhibits granzyme B, and may 

15 thereby delay apoptotic cell death in DCs. Intradermal co-administration of DNA encoding SPI-6 
with DNA constructs encoding E7 linked to various IPPs significantly increased E7-specific CD8+ 
T cell and CD4+ Thl cell responses and enhanced anti-tumor effects when compared to vaccination 
without SPI-6. Thus it is preferred to combine methods that enhance MHC class I and II antigen 
processing with delivery of SPI-6 to potentiate immunity 

20 A similar approach employs DNA-based alphaviral RNA replicon vectors, also called 

suicidal DNA vectors. To enhance the immune response to an antigen, e.g., HPV E7, a DNA-based 
Semliki Forest virus vector, pSCAl, the antigen DNA is fused with DNA encoding an anti- 
apoptotic polypeptide such BCL-xL, a member of the BCL-2 family. pSCAl encoding a fusion 
protein of an antigen polypeptide and /BCL-xL delays cell death in transfected DCs and generates 

25 significantly higher antigen-specific CD8+ T-cell-mediated immunity. The antiapoptotic function 
of BCL-xL is important for the enhancement of antigen-specific CD84- T-cell responses. Thus, in 
one embodiment, delaying cell death induced by an otherwise desirable suicidal DNA vaccine 
enhances its potency. 

Thus, the preesent invention is directed to a nucleic acid composition useful as an 

30 immunogen, comprising a combination of: 
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(a) first nucleic acid vector comprising a first sequence encoding an antigenic polypeptide or 
peptide, which first vector optionally comprises a second sequence linked to the first 
sequence, which second sequence encodes an immunogenicity-potentiating polypeptide 
(IPP); 

5 b) a second nucleic acid vector encoding an anti-apoptotic polypeptide, 

wherein, when the second vector is administered with the first vector to a subject, a T cell-mediated 
immune response to the antigenic polypeptide or peptide is induced that is greater in magnitude 
and/or duration than an immune response induced by administration of the first vector alone. The 
first vector above may comprises a promoter operatively linked the first and/or the second sequence. 
10 Also provided is a nucleic acid composition useful as an immunogen comprising 

(a) a first nucleic acid sequence that encodes an antigenic polypeptide or peptide. 

(b) optionally, fused in frame with the first nucleic acid sequence, a linker nucleic acid sequence 
encoding a linker peptide; 

(c) a second nucleic acid sequence that is linked in frame to the first nucleic acid sequence or to 
1 5 the linker nucleic acid sequence and that encodes an IPP; and 

(d) a third nucleic acid sequence encoding an anti-apoptotic polypeptide. 

This may comprise a promoter operatively linked to one or more of the first, second and sequences. 

In the above composition the IPP preferablyi acts in potentiating an immune response by 
promoting: 

20 (a) processing of the linked antigenic polypeptide via the MHC class I or class II pathway or 
targeting of a cellular compartment that increases the processing; 

(b) development, accumulation or activity of antigen presenting cells or targeting of antigen to 
compartments of the antigen presenting cells leading to enhanced antigen presentation; 

(c) intercellular transport and spreading of the antigen; or 
25 (d) any combination of (a)-(c). 

The IPP is preferably 

(a) the sorting signal of the lysosome-associated membrane protein type 1 (Sig/LAMP-1) 

(b) a mycobacterial HSP70 polypeptide, the C-terminal domain thereof, or a functional 
homologue or derivative of the polypeptide or domain; 
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(c) a viral intercellular spreading protein selected from the group of herpes simplex virus- 1 
VP22 protein, Marek's disease virus VP22 protein or a functional homologue or derivative 
thereof; 

(d) an endoplasmic reticulum chaperone polypeptide selected from the group of calreticulin, 
5 ER60, GRP94, gp96, or a functional homologue or derivative thereof 

(e) a cytoplasmic translocation polypeptide domains of a pathogen toxin selected from the group 
of domain II of Pseudomonas exotoxin ETA or a functional homologue or derivative 
thereof; 

(f) a polypeptide that targets the centrosome compartment of a cell selected from y-tubulin or a 
1 0 functional homologue or derivative thereof; or 

(g) a polypeptide that stimulates dendritic cell precursors or activates dendritic cell activity 
selected from the group of GM-CSF, Flt3-ligand extracellular domain, or a functional 
homologue or derivative thereof. 

In the above composition the anti-apoptotic polypeptide is preferably selected from the 
15 group consisting of (a) BCL-xL, (b) BCL2, (c) XIAP, (d) FLICEc-s, (e) dominant-negative caspase- 
8, (f) dominant negative caspase-9, (g) SPI-6, and (h) a functional homologue or derivative of any of 
(a)-(g). 

In the above composition, the antigenic peptide may comprise an epitope that binds to and is 
presented on the cell surface by MHC class I proteins and the epitope is preferably between about 8 
20 and about 1 1 amino acid residues in length. 

The antigenic polypeptide or peptide may be one that: 

(i) is derived from a pathogen selected from the group consisting of a mammalian cell, a 
microorganism or a virus; 

(ii) cross-reacts with an antigen of the pathogen; or 

25 (iii) is expressed on the surface of a pathogenic cell, such as a tumor- specific or tumor-associated 
antigen. 

In a preferred composition the virus is a human papilloma virus and the antigen is an HPV- 
16 E6 or E7 peptide. 
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Also provided is a particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the first vector, the second vector, or both the 
first and the second vectors of the first composition above. 

The particle may have bound thereto any of the foregoing compositions. 
5 Also provided is a pharmaceutical composition capable of inducing or enhancing an antigen 

specific immune response, comprising the above omposition or particle and a pharmaceutically 
acceptable carrier or excipient. 

The invention is directed to a method of inducing or enhancing an antigen specific immune 
response in a subject, preferably a human, comprising administering to the subject an effective 
1 0 amount of the above composition (or particles), thereby inducing or enhancing the antigen specific 
immune response. 

In a preferred embodiment, the antigen specific immune response is mediated at least in part 
by CD8 + cytotoxic T lymphocytes (CTL). 

In the above method, the the composition or particles are preferaby administered 
1 5 intradermally or, in the case of a tumor, intratumorally or peritumorally. 

Also included is a method of increasing the numbers of CD8 + CTLs specific for a selected 
desired antigen in a subject comprising administering an effective amount of the above composition 
wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell surface 
by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 
20 In another embodiment, the method comprises increasing the numbers of CD4 + Th cells 

specific for a selected desired antigen in a subject comprising administering an effective amount of 
the above composition wherein the antigenic peptide comprises an epitope that binds to and is 
presented on the cell surface by MHC class II proteins, thereby increasing the numbers of antigen- 
specific CD4 + Th cells. 

25 Also provided is a method of inhibiting the growth of a tumor in a subject comprising 

administering an effective amount of the above composition or particles, thereby inhibiting growth 
of the tumor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figures 1 A-1E show E7-specific CD8+ T cell immune responses and antitumor effect 
30 induced by vaccination with E7 DNA co-administered mixed with DNA encoding anti-apoptotic or 
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pro-apoptotic proteins. pcDNA3 (no insert) mixed with pSG5-BCL-xL was a negative control. Fig. 
1A shows representative flow-cytometric results from one of three studies. Fig. IB is a bar graph 
depicting the mean (± SD) number of antigen-specific IFNy-secreting CD8+ T cell precursors (per 3 
x 10 5 splenocytes). Fig. 1C is a graph showing results of a tumorgowth prevention study. Mice 
5 were immunized with pcDNA3-E7 mixed with pSG5 encoding BCL-xL, caspase-3, or no insert. 
The pcDNA3 (no insert) mixed with pSG5-BCL-xL was the negatife antigen control. One week 
after the last vaccination, mice were challenged subcutaneously (s.c.) with 5 x 104 TC-1 cells in the 
right leg. Fig. ID is a grap showing effect of in vivo depletion of cell populations using mAb 
depletion to determine the contribution of various lymphocyte subsets to tumor protection. 
1 0 Depletion of CD4H-, CD8+, and NK1.1+ cells was initiated 1 week before tumor challenge. Fig. IE 
is a graph showing results of a tumor therapy study. Mice were implanted with 10 4 TC-1 tumor 
challenge and were treated 3 days later with pcDNA3-E7 mixed with pSG5 encoding (i) BCL-xL, 
(ii) caspase-3 ? or (iii) no insert. Experiments of the type shown in Figs 1C-1E were repeated three 
times. Casp=caspace. 

1 5 Figure 2 A and 2B show antigen-specific CD 8+ T cell precursors in mice vaccinated with 

DNA encoding HA or OVA co-administered with DNA encoding an anti-apoptotic protein. Mice 
(3/group) were immunized with pcDNA3 encoding HA or OVA mixed with pSG5 that included the 
anti-apoptotic gene {BCL-xL) or no insert. The pcDNA3 (no insert) mixed with pSG5-BCL-xL was 
a negative control. Fig. 1A shows representative flow-cytometry results (from 1 of 3 studies). Fig. 

20 IB is a bar graph depicting the mean (± SD) number of antigen-specific IFNy-secreting CD 8+ T cell 
precursors induced by two different antigen vectors co-administered with a control or an anti- 
apoptotic vector. 

Figure 3A-3E show E7-specific CD 8+ T cell immune responses in mice vaccinated with 
Sig/E7/LAMP-1 DNA co-administered with DNA encoding anti-apoptotic (or pro-apoptotic) 

25 proteins. Mice (3/group) were immunized with pcDNA3-Sig/E7/LAMP-l mixed with pSG5 
encoding one of several anti-apoptotic proteins: BCL-xL, XIAP, BCL-2, dn caspase-9, dn 
caspase-8); a proapoptotic protein (caspase-3); or no insert. The pcDNA3 (no insert) mixed with 
pSG5-BCL-xL was a negative control. The number of E7-specific IFNy-secreting CD8+ T cell 
precursors was analyzed by intracellular cytokine staining followed by flowcytometry analysis. Fig. 

30 3 A shows representative flow-cytometric results from one of three studies. Fig. 3B is a bar graph 
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depicting the mean (± SD) number of antigen-specific IFNy-secreting CD8+ T cell precursors (per 3 
x 10 5 splenocytes) Fig. 3C shows representative flow-cytometric results from one of three studies in 
which mice (3/group) were immunized with pcDNA3-Sig/E7/LAMP-l mixed with pSG5 encoding 
BCL-xL, caspase- 3, mt BCL-xL, mt caspase-3, or no insert. The pcDNA3 (no insert) mixed with 
5 pSG5-BCL-xL was a negative control. Fig 3D is a bar graph depicting the mean (± SD) number of 
antigen-specific IFNy-secreting CD8+ T cell precursors (per 3 x 10 5 splenocytes). Fig. 3E is a graph 
depicting the number of antigen- specific IFNy-secreting CD 8+ T cell precursors enumerated at 1, 7, 
12, and 14 weeks after co-administration of pcDNA-Sig/E7/LAMP-l with pSG5- BCL-xL, pSG5- 
caspase-3, orpSGS (no insert), casp, caspase. 

10 Figure 4A and 4B provide a characterization of DNA-transfected DCs in the inguinal 

lymph nodes (LNs) of vaccinated mice. Mice (3/group) were immunized with pcDNA3-E7/GFP 
DNA mixed with pSG5-BCL-xL, pSG5-mt BCL-xL, pSG5-caspase-3 5 or pSG5. The pcDNA3 
mixed with pSG5 -BCL-xL was a negative control. DCs were enriched using CD1 lc microbeads 
from a single-cell suspension of inguinal LN cells harvested 1 and 5 days after gene gun 

15 vaccination. Enriched GDI lc+ cells were analyzed for forward versus side scatter; the gated area 
represents the monocyte population. Fig. 4A shows representative flow-cytometry results (3 total 
experiments) indicating the percentage of E7/GFP-transfected GDI lc+ cells among the gated 
monocytes. Fig. 4B is a bar graph depicting the percentage of CD1 lc+ GFP+ monocytes among the 
gated monocytes (mean ± SD). Fig. 4C is a bar graph depicting the percentage of apoptotic cells in 

20 CD1 lc+ GFP+ cells (mean ± SD). casp, caspase; FSC, forward scatter; SSC, side scatter. 

Figure 5A and 5B show activation of E7-specific CD8+ T cells by GDI lc-enriched cells 
isolated from the draining LN of vaccinated mice. Mice (3/group) were immunized and CD1 lc+ 
cells were enriched as described in the legend for Figures 4A-4B. CD 1 lc-enriched cells were 
incubated with cells of an E7-specific CD8+ T cell line. Cells were then stained for both CD8 and 

25 intracellular IFNy to enumerate the E7-specific, CD8+, IFNy-secreting T cells. Fig 5A shows 

representative flow-cytometry results (one of three experiments). Fig. 5B is a bar graph depicting 
the number of E7-specific, CD8+ T IFNy-secreting T cells (mean ± SD). 
JI paper figures 

FIGURES 6A-6B show results of E7-specific CD8+ T cell response in mice vaccinated 
30 with DNA encoding antigen plus intracellular targeting moieties along with DNA encoding the anti- 
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apoptotic polypeptide Bcl-xL. Mice were immunized with pcDNA3, pcDNA3-E7 5 pcDNA3- 
E7/HSP70, pcDNA3-Sig/E7/LAMP-l, or pcDNA3-CRT/E7 co-administered with pSG5 or with 
pSG5-Bcl-xL. Splenocytes from vaccinated mice were harvested 7 days after a booster, cultured in 
■vitro with the MHC class I-restricted E7 peptide (aa 49-57) overnight, and stained for both CD8 
5 and IFNy and analyzed by flow cytometry. Fig. 6A provides representative flow cytometry results 
(one experiment of two). Fig. 6B is a bar graph depicting the number of E7-specific CD8+IFNy- 
secreting T cells. pcDNA3 empty vectors mixed with pSG5 or pSG5-Bcl-xL were used as negative 
controls. 

FIGURE 7 is a graph showing the functional avidity of E7-specific CD 8+ T cells in mice 

10 vaccinated with pcDNA3-Sig/E7/LAMP-l mixed with pSG5 -Bcl-xL or pSG5 control. Mice were 
immunized with pcDNA3-Sig/E7/LAMP-l mixed with pSG5- Bcl-xL, pSG5-mtBcl-xL, or pSG5. 
Splenocytes were collected 1 wk after vaccination and incubated with different concentrations of E7 
peptide (aa 49-57) for 20 h. pcDNA3 mixed with pSG5 encoding Bcl-xL was used as a negative 
control. A line indicating 50% of maximum response is shown and curves are compared for the 

15 concentration of E7 peptide needed to attain this 50% level. 

FIGURES 8 A and 8B show Thl- and Th2-type CD4+ T cell responses induced by 
vaccination with pcDNA3-Sig/E7/LAMP-l co-administered with pSG5-Bcl~xL or pSG5 control.. 
Splenocytes from vaccinated mice were harvested 7 days after a booster vaccination, cultured with 
MHC class Il-restricted E7 peptide (aa 30-67) overnight, and stained for CD4, IFNy, and IL-4. Fig. 

20 8 A is a bar graph depicting the number of E7-specific IFNy-secreting CD4+ T cell precursors/3 x 
10 5 splenocytes. Fig. 8B is a bar graph depicting the number of E7-specific IL-4-secreting CD4+ T 
cell precursors/3 x 10 5 splenocytes. 

FIGURES 9A-9B show E7-specific CD8+ T lymphocyte response in CD4KO mice 
vaccinated with pcDNA3-Sig/E7/LAMP-l co-administered pSG5-Bcl-xL or pSGF control (no 

25 insert). Wild type C57BL/6 and C57BL/6/CD4KO mice were immunized and splenocytes were 

collected and prepared as above. The number of E7-specific CD8+ T IFNy-secreting cell precursors 
was analyzed by intracellular cytokine staining and flow cytometry. Fig. 9A shows flow cytometry 
results (from one of two experiments) depicting numbers of E7-specific IFNy-secreting CD 8+ T 
cells in mice after vaccination. Fig. 9B is a bar graph showing the number of E7-specific IFNy- 

30 secreting CD8+ T cell precursors/ 3 x 10 5 splenocytes in the various treatment groups. 
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FIGURES 10A-10B show results of treating tumors in vivo and analysis of cell substes by 
in vivo depletion using mAbs. Mice were vaccinated with pcDNA3-Sig/ E7/LAMP-1 mixed with 
pSG5-Bcl-xL or pSG5 control. Fig. 10A is a graph showing the number of tumor nodules in the 
lungs of mice inoculated i.v. with 10 5 TC-1 tumor cells and treated 3 days later with the various 
combinations. Fig. 10B shows tumor protection with depletion to determine the contribution of 
various lymphocyte subsets. All results are expressed as mean number of pulmonary nodules with 
SE indicated. 

FIGURES 11A and 11B show the duration of E7-specific CD8+ T cell memory and long- 
term tumor protection in mice vaccinated in conjunction with Bcl-xL DNA or empty vectors. Mice 
were immunized with pcDNA3-Sig/E7/LAMP-l mixed with pSG5 with the Bcl-xL insert or no 
insert. pcDNA3 mixed with pSG5 was used as a control. Fig. 1 1 A is a bar graph depicting number 
of E7-specific CDS +IFNy- s ecr eting CD8+ T lymphocytes/3 x 10 5 splenocytes 1 and 7 wk after 
immunization. Fig. 1 IB depicts longer-term tumor protection as the number pulmonary nodules in 
vaccinated mice over time. Mice were challenged with 10 4 TC-1 tumor cells 7 wk after 
immunization. Results are expressed as mean number of pulmonary tumor nodules; bars±SE. 

Figures 12A-12C show results of experiments in which pcDNA3-SPI-6 co-administration 
with pcDNA3-E7 potentiates T cell responses and anti-tumor immunity. Mice were immunized 
with pcDNA3-E7 plus pcDNA3-SPI-6 or control pcDNA3 and received a booster of the same 
composition one week later. Fig. 12A is a bar graph depicting the number of E7-specific IFN-y- 
secreting CD8 + T cell precursors (mean±SD). Fig 12B shows results of a tumor protection study in 
which experiment mice were challenged with 5 x 10 4 TC-1 tumor cells one week after the last 
vaccination. Fig. 12C shows results of a study of in vivo antibody depletion to determine the 
contribution of lymphocyte subsets to tumor protection. Depletion was initiated 1 week before 
tumor challenge. 

Figures 13A-13B show results of experiments in which pcDNA3-SPI-6 co-administration 
with vectors linking E7 to intracellular targeting polypeptides potentiate T cell responses. Mice 
were immunized with pcDNA3 (negative control), pcDNA3-E7, pcDNA3-Sig/E7/LAMP-l, 
pcDNA3-ETA(dII)/E7, pcDNA3-E7/HSP70, or pcDNA3-CRT/E7 co-administered with pcDNA3- 
SPI-6 or control DNA. Fig. 13 A shows representative flow cytometry results (one experiment of 
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two. Fig. 13B is a bar graph depicting the number of antigen-specific IFN-y-secreting CD8 + T cell 
precursors (mean±SD). 

Figures 14A-14B characterize Thl and Th2 E7-specific CD4 + T cell precursors after 
vaccinationd with E7 DNA linked to intracellular targeting polypeptides molecules co-adminstered 
with pcDNA3-SPI-6 or control DNA. Mice were immunized with pcDNA3, pcDNA3-E7, 
pcDNA3-Sig/E7/LAMP-l, pcDNA3-ETA(dII)/E7, pcDNA3-E7/HSP70, or pcDNA3-CRT/E7 co- 
administered with pcDNA3 or with pcDNA3-SPI-6. Splenocytes harvested 7 days after a booster 
vaccination were cultured in vitro with MHC class II-restricted E7 peptide (aa 30-67) overnight and 
stained for CD4, IFNy, and DL-4. Fig. 14A is a bar graph depicting the number of E7-specific IFNy- 
secreting CD4 + T cell precursors (mean+SD). Fig. 14B is a bar graph depicting the number of E7- 
specific IL-4-secreting CD4 + T lymphocytes (mean+SD). 

Figure 15 is a graph showing tumor growth in vaccinated mice receiving pcDNA3- 
Sig/E7/LAMP-1 co-administered with pcDNA3-SPI-6 or control DNA. Data are expressed as the 
mean number of lung nodules ± SE. 

Figures 16A-16B are bar graphs showing numbers of E7-specific CD8 + T cell precursors in 
vivo and non-apoptotic DCs s in vitro after co-administration of antigen-encoding DNA with DNA 
encoding SPI-6 or mutant mtSPI-6. In Fig. 16A ? mice were immunized with pcDNA3- 
Sig/E7/LAMP-1 mixed with pcDNA3-SPI-6, pcDNA3-mtSPI-6, or pcDNA3. The graph depicts 
the number of antigen-specific IFN-y-secreting CD8 + T cell precursors (mean+SD). In Fig. 16B, 
DCs were transfected in vitro with pcDNA3-E7/GFP mixed with pcDNA3-SPI-6, pcDNA3-mtSPI- 
6 5 or pcDNA3. Annexin V staining and flow ctyometry was performed after gating around a GFP+ 
cell population. DCs were co-cultured with an E7-specific CD8+ T cell line. The graph depicts the 
meand (±SD) percent of Annexin V-negative (non-apoptotic), GFP+ DCs (results from one 
representative experiment of two). 

Figures 17A-17B show results of tranfection of DCs with various suicidal DNA vectors. 
DC-V cells were co-transfected with 2 \xg of pcDNA3-GFP (label) mixed with 2 jag of suicide DNA 
vectors, pSCAl encoding (i) E7, (ii) BCL-xL 5 (iii) E7/BCL-xL, (iv) E7/mt BCL-xL, or (v) no insert. 
The percentage of dead cells among the gated GFP+ cells was determined by flow cytometry after 
staining with propidium iodide (PI). Fig. 17A is a graph depicting the percentage of dead cells 
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among the gated GFP+ cells as a function of time. Fig 17B is a histogram depicting percentage of 
dead DCs among the gated GFP+ cells 4 days after co-transfection (mean+SEM). 

Figures 18A amd 18B evaluate the T cell response to various suicidal DNA vectors. Flow 
cytometry was used to determine the number of E7-specific IFNyg-secreting CD8+ T cells. Mice (3/ 
5 group) were immunized with pSCAl encoding BCL-xL, E7, E7/BCL-xL, or E7/mt BCL-xL. The 
negative control was pSCAl (no insert). Splenocytes from vaccinated mice were harvested 7 days 
after a booster vaccination, cultured in vitro with MHC class I-restricted E7(aa 49-57) peptide 
overnight, and stained for CD8 and intracellular IFNy. Fig. 18A shows representative flow 
cytometry results. Fig. 18B is a bar graph depicting the number of antigen-specific IFNy-secreting 

10 CD 8+ T cells (mean±SEM). 

Figure 19A-19C show anti-tumor responses in mice immunized with suicidal DNA vectors 
as above, n vivo tumor protection, antibody depletion, and tumor treatment experiments using E7- 
expressing TC-1 tumor cells. Fig. 19A shows in vivo tumor protection against the growth of TC-1 
tumors in mice immunized with the indicated vectorr and subcutaneously challenged with tumnor 

1 5 cells in the right leg. 100% of mice vaccinated with pSCAl-E7/BCL-xL remained tumor-free 42 

days after TC-1 challenge. Fig. 19B is a graph shows the results of antibody depletion in mice given 
mAbs to deplete CD4, CD8, andNKl.l cells. Fig. 19C shows the results of treatment of tumors 
using the suicidal DNA vaccines, in which mice were first inoculated with tumor cells and later 
immunized with one of the various vector types. Mice were sacrificied after 35 dayand the numbers 

20 of pulmonary nodules determined (mean ± SEM). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Partial List of Abbreviations used 

APC, antigen presenting cell;; CMV, cytomegalovirus; CTL, cytotoxic T lymphocyte; DC, dendritic cell; 
ECD, extracellular domain; E6, HPV oncoprotein E6; E7, HPV oncoproteinE7; ELISA, enzyme-linked 
25 immunosorbent assay; FL, Flt3 ligand; GFP, green fluorescent protein; HPV, human papillomavirus; HSP, 
heat shock protein; Hsp70, mycobacterial heat shock protein 70; IFNy, interferon-y; i.m., intramuscular(ly); 
i.v., intravenous(ly); MHC, major histocompatibility complex; PBS, phosphate-buffered saline; PCR, 
polymerase chain reaction; p-gal, p-galactosidase 

The present invention is directed to one of two fundamental approaches to the improvement 
30 of molecular vaccine potency. As the present inventors discovered, in addition to DNA encoding an 
antigen, the concomitant administration of a second DNA molecule encoding an anti-apoptotic 
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polypeptide (termed "anti-apoptotic DNA" for simplicity), enhances the magnitude and/or duration 
of a T cell mediated immune response, and potentiates a desired clinical effect - such as eradication 
of an existing tumor or prevention of the spread or metastasis of a tumor. 

The anti-apoptotic DNA may be physically linked to the antigen-encoding DNA. Examples 
5 of this are provided, primarily in the form of suicidal DNA vaccine vectors. Alternatively, the anti- 
apopoptotic DNA may be administered separately from, but in combination with the antigen- 
endcoding DNA molecule. Even more examples of the co-administration of these two types of 
vectors is provided. 

This strategy may be combined with an additional strategy pioneered by the present 

10 inventors and colleagues, that involve linking DNA encoding another protein, genetically termed a 
"targeting polypeptide,to the the antigen-encoding DNA. Again, for the sake of simplicity, the 
DNA encoding such a targeting polypeptide will be referred to herein as a "targeting DNA." That 
strategy has been shown to be effective in enhancing the potency of the vectors carrying only 
antigen-encoding DNA. See for example: Wu et ah, WO 01/29233; Wu et al, WO 02/009645; Wu 

15 et ah, WO 02/061 1 13; Wu et al 9 WO 02/074920; Wu et ah, WO 02/12281, all of which are 
incorporated by reference in their entirety. 

The details of the various targeting polypeptide strategies will not be discussed in detail 
herein, although such vectors are used in the present examples, and their sequences are provided 
below. The preferred "targeting polypeptide" include the sorting signal of the lysosome-associated 

20 membrane protein type 1 (Sig/LAMP-1), the translocation domain (domain II or dll) of 
Pseudomonas aeruginosa exotoxin A (ETA(dll) (or from similar toxins from Diptheria, 
Clostridium, Botulinum, Bacillus, Yersinia, Vibrio cholerae, or Bordetella), an endoplasmic 
reticulum chaperone polypeptide exemplified by calreticulin (CRT) but also including ER60, 
GRP94 or gp96, well-characterized ER chaperone polypeptide that representatives of the HSP90 

25 family of stress-induced proteins (see WO 02/012281), VP22 protein from herpes simplex virus and 
related herpes viruses such as Marek's disease virus (see WO 02/09645), mycobacterial heat shock 
protein HSP70, and y-tubulin. DNA encoding each of these polypeptides, or fragments or variants 
thereof with substantially the same biological activity, when linked to an antigen-endcoding or 
epitope-encoding DNA molecule, result in more potent T cell mediate responses to the antigen 

30 compared to immunization with the antigen-encoding DNA alone. These polypeptide can be 
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considered as "molecular adjuvants." These effects are manifest primarily with CD8+ T cells, 
although some of these approaches induce potent CD4+ T cell mediated effects as well. 

The results presented herein prove that molecular vaccination with 
(a) a combination of an antigen-encoding DNA and an anti-apoptotic DNA; or 
5 (b) a combination of a chimeric DNA encoding antigen and a targeting DNA sequence; or 
(c) a chimeric DNA comprising 

(i) an antigen-encoding DNA sequence linked to an antiapoptotic DNA sequence; or 

(ii) an antigen-encoding DNA sequence linked to both an antiapoptotic DNA and a 
targeting DNA; 

10 or a combination of any of the above, will results in a stonger and more durable immune response 

which can be protective and/or therapeutic. 

The vectors may also comprise DNA encoding an immunostimulatory cytokine, preferably 

those that target APCs, preferably DCs, such as granulocyte macrophage colony stimulating factor 

(GM-CSF), or active fragments or domains thereof, and/or DNA encoding a costimulatory signal, 
15 such as a B7 family protein, including B7-DC (see U.S. Serial No, 09/794,210), B7.1, B7.2, soluble 

CD40, etc). 

The vectors used to deliver the foregoing DNA sequences include naked DNA vectors, 
DNA-based alphaviral RNA replicons ("suicidal DNA vectors") as disclosed herein, and self 
replicating RNA replicons. y be similar pathogenic bacterial toxins pertussis, or active fragments or 
20 domains of any of the foregoing polypeptides. 

The order in which the two (or more) components of a chimeric DNA construct are 
arranged, and therefore, the order of the encoding nucleic acid fragments in the nucleic acid vector, 
can be altered without affecting immunogenicity of the fusion polypeptides proteins and the utility 
of the composition. 

25 The experiments described herein demonstrate that the methods of the invention can 

enhance a cellular immune response, particularly, tumor-destructive CTL reactivity, induced by a 
DNA vaccine encoding an epitope of a human pathogen. Human HPV-16 E7 was used as a model 
antigen for vaccine development because human papillomaviruses (HPVs), particularly HPV-16, are 
associated with most human cervical cancers. The oncogenic HPV proteins E7 and E6 are important 

30 in the induction and maintenance of cellular transformation and co-expressed in most HPV- 
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containing cervical cancers and their precursor lesions. Therefore, cancer vaccines, such as the 
compositions of the invention, that target E7 can be used to control of HPV-associated neoplasms 
(Wu (1994) Curr. Opin. Immunol (5:746-754). 

However, the present invention is not limited to the exemplified antigen(s). Rather, one of 
5 skill in the art will appreciate that the same results are expected for any antigen (and epitopes 
thereof) for which a T cell-mediated response is desired. The response so generated will be 
effective in providing protective or therapeutic immunity, or both, directed to an organism or 
disease in which the epitope or antigenic determinabnt is involved - for example as a cell surface 
antigen of a pathogenic cell or an envelope or other antigen of a pathogenic virus, or a bacterial 

10 antigen, or an antigen expressed as or as part of a pathogenic molecule. 

Thus, in one embodiment, the antigen {e.g., the MHC class I-binding peptide epitope) is 
derived from a pathogen, e.g., it comprises a peptide expressed by a pathogen. The pathogen can be 
a virus, such as, e.g., a papilloma virus, a herpesvirus, a retrovirus {e.g., an immunodeficiency virus, 
such as HIV-1), an adenovirus, and the like. The papilloma virus can be a human papilloma virus; 

15 for example, the antigen {e.g., the Class I-binding peptide) can be derived from an HPV-16 E6 or E7 
polypeptide. In one embodiment, the HPV-16 E6 or E7 polypeptide used as an immunogen is 
substantially non-oncogenic, i.e., it does not bind retinoblastoma polypeptide (pRB) or binds pRB 
with such low affinity that the HPV-16 E7 polypeptide is effectively non-oncogenic when expressed 
or delivered in vivo. 

20 In alternative embodiments, the pathogen is a bacteria, such as Bordetella pertussis', 

Ehrlichia chaffeensis; Staphylococcus aureus; Toxoplasma gondii', Legionella pneumophila', 
Brucella suis; Salmonella enterica; Mycobacterium avium; Mycobacterium tuberculosis; Listeria 
monocytogenes; Chlamydia trachomatis; Chlamydia pneumoniae; Rickettsia rickettsii; or, a fungus, 
such as, e.g., Paracoccidioides brasiliensis; or other pathogen, e.g., Plasmodium falciparum. 

25 In another embodiment, the MHC class I-binding peptide epitope is derived from a tumor 

cell. The tumor cell-derived peptide epitope can comprise a tumor associated antigen, e.g., a tumor 
specific antigen, such as, e.g., a HER-2/neu antigen, or one of a number of known melanoma 
antigens, etc.. 

In one embodiment, the isolated or recombinant nucleic acid molecule is operatively linked 
30 to a promoter, such as, e.g., a constitutive, an inducible or a tissue- specific promoter. The promoter 
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can be expressed in any cell, including cells of the immune system, including, e.g., antigen 
presenting cells (APCs), e.g., in a constitutive, an inducible or a tissue-specific manner. 

In alternative embodiments, the APCs are dendritic cells, keratinocytes, astrocytes, 
monocytes, macrophages, B lymphocytes, a microglial cell, or activated endothelial cells, and the 
5 like. 

Unless defined otherwise, all technical and scientific terms used herein have the meaning 
commonly understood by a person skilled in the art of this invention. As used herein, the following 
terms have the meanings ascribed to them unless specified otherwise. 

The term "antigen" or "immunogen" as used herein refers to a compound or composition 

10 comprising a peptide, polypeptide or protein which is "antigenic" or "immunogenic" when 

administered (or expressed in vivo by an administered nucleic acid, e.g., a DNA vaccine) in an 
appropriate amount (an "immunogenically effective amount"), i.e., capable of inducing, eliciting, 
augmenting or boosting a cellular and/or humoral immune response either alone or in combination 
or linked or fused to another substance (which can be administered at once or over several 

1 5 intervals). An immunogenic composition can comprise an antigenic peptide of at least about 5 
amino acids, a peptide of 10 amino acids in length, a polypeptide fragment of 15 amino acids in 
length, 20 amino acids in length or longer. Smaller immunogens may require presence of a "carrier" 
polypeptide e.g., as a fusion protein, aggregate, conjugate or mixture, preferably linked (chemically 
or otherwise) to the immunogen. The immunogen can be recombinantly expressed from a vaccine 

20 vector, which can be naked DNA comprising the immunogen's coding sequence operably linked to 
a promoter, e.g., an expression cassette as described herein. The immunogen includes one or more 
antigenic determinants or epitopes which may vary in size from about 3 to about 15 amino acids. 

The term "epitope" as used herein refers to an antigenic determinant or antigenic site that 
interacts with an antibody or a T cell receptor (TCR), e.g., the MHC class I-binding peptide 

25 compositions (or expressed products of the nucleic acid compositions of the invention) used in the 
methods of the invention. An "antigen" is a molecule or chemical structure that either induces an 
immune response or is specifically recognized or bound by the product or mediator of an immune 
response, such as an antibody or a CTL. The specific conformational or stereochemical "domain" to 
which an antibody or a TCR bind is an "antigenic determinant" or "epitope." TCRs bind to peptide 
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epitopes which are physically associated with a third molecule, a major histocompatibility complex 
(MHC) class I or class II protein. 

The term "recombinant" refers to (1) a nucleic acid or polynucleotide synthesized or 
otherwise manipulated in vitro, (2) methods of using recombinant DNA technology to produce gene 
products in cells or other biological systems, or (3) a polypeptide encoded by a recombinant nucleic 
acid. For example, the ETA(dII)-encoding nucleic acid or polypeptide, the nucleic acid encoding an 
MHC class I-binding peptide epitope (antigen) or the peptide itself can be recombinant. 
"Recombinant means" includes ligation of nucleic acids having various coding regions or domains 
or promoter sequences from different sources into a single unit in the form of an expression cassette 
or vector for expression of the coding sequences in the vectors resulting in production of the 
encoded polypeptide. 

The term "self-replicating RNA replicon" refers to a construct based on an RNA viruses, 
such as alphavirus genome RNAs {e.g., Sindbis virus, Semliki Forest virus, etc.), that have been 
engineered to allow expression of heterologous RNAs and proteins. These recombinant vectors are 
self-replicating ("replicons") which can be introduced into cells as naked RNA or DNA, as 
described in detail in co-pending, commonly assigned U.S. and PCT patent applications by several 
of the present inventors(U. S.S.N. 10/060,274, and WO 02/061 1 13). 

SEQUENCES OF POLYPEPTIDES AND NUCLEIC ACIDS 
Plasmid and Vector Sequences 

The sequence of the pcDNA3 plasmid vector (SEQ ID NO:l) is: 

GACGGATCGG GAGATCTCCC GATCCCCTAT GGTCGACTCT CAGTACAATC TGCTCTGATG CCGCATAGTT AAGCCAGTAT CTGCTCCCTG 
CTTGTGTGTT GGA GGTC GCT GAGTAGTGCG CGAGCAAAAT TTAAGCTACA ACAAGGCAAG GCTTGACCGA CAATTGCATG AAGAATCTGC 
TTAGGGTTAG GCGTTTTGCG CTGCTTCGCG ATGTACGGGC CAGATATACG CGTTGACATT GATTATTGAC TAGTTATTAA TAGTAATCAA 
TTACGGGGTC ATTAGTTCAT AGCCCATATA TGGAGTTCCG CGTTACATAA CTTACGGTAA ATGGCCCGCC TGGCTGACCG CCCAACGACC 
CCCGCCCATT GACGTCAATA ATGACGTATG TTCCCATAGT AACGCCAATA GGGACTTTCC ATTGACGTCA ATGGGTGGAC TATTTACGGT 
AAACTG CCC A CTTGGCAGTA CATCAAGTGT ATCATATGCC AAGTACGCCC CCTATTGACG TCAATGACGG TAAATGGCCC GCCTGGCATT 
ATGCCCAGTA CATGACCTTA TGGGACTTTC CTACTTGGCA GTACATCTAC GTATTAGTCA TCGCTATTAC CATGGTGATG CGGTTTTGGC 
AGTACATCAA TGGGCGTGGA TAGCGGTTTG ACTCACGGGG ATTTCCAAGT CTCCACCCCA TTGACGTCAA TGGGAGTTTG TTTTGGCACC 
AAAATCAACG GGACTTTCCA AAATGTCGTA ACAACTCCGC CCCATTGACG CAAATGGGCG GTAGGCGTGT ACGGTGGGAG GTCTATATAA 
GCAGAGCTCT CTGGCTAACT AGAGAACCCA CTGCTTACTG GCTTATCGAA ATTAATACGA CTCACTATAG GGAGACCCAA GCTGGCTAGC 
GTTTAAACGG GCCCTCTAGA CTCGAGCGGC CGCCACTGTG CTGGATATCT GCAGAATTCC ACCACACTGG ACTAGTGGAT CCGAGCTCGG 
TACCAAGCTT AAGTTTAAAC CGCTGATCAG CCTCGACTGT GCCTTCTAGT TGCCAGCCAT CTGTTGTTTG CCCCTCCCCC GTGCCTTCCT 
TGACCCTGGA AGGTGCCACT CCCACTGTCC TTTCCTAATA AAATGAGGAA ATTGCATCGC ATTGTCTGAG TAGGTGTCAT TCTATTCTGG 
GGGGTGGGGT GGGGCAGGAC AGCAAGGGGG AGGATTGGGA AGACAATAGC AGGCATGCTG GGGATGCGGT GGGCTCTATG GCTTCTGAGG 
CGGAAAGAAC CAGCTGGGGC TCTAGGGGGT ATCCCCACGC GCCCTGTAGC GGCGCATTAA GCGCGGCGGG TGTGGTGGTT ACGCGCAGCG 
TGACCGCTAC ACTTGCCAGC GCCCTAGCGC CCGCTCCTTT CGCTTTCTTC CCTTCCTTTC TCGCCACGTT CGCCGGCTTT CCCCGTCAAG 
CTCTAAATCG GGGCATCCCT TTAG GGTTC C GATTTAGTGC TTTACGGCAC CTCGACCCCA AAAAACTTGA TTAGGGTGAT GGTTCACGTA 
GTGGGCCATC GCCCTGATAG ACGGTTTTTC GCCCTTTGAC GTTGGAGTCC ACGTTCTTTA ATAGTGGACT CTTGTTCCAA ACTGGAACAA 
^SS^SSS TATCTCGCTC TATTCTTTTG ATTTATAAGG GATTTTGGGG ATTTCGGCCT ATTG GTTAAA AAATGAGCTG ATTTAACAAA 
^I7™A£GC S^IJAAI 70 TGTGGAATGT GTGTCAGTTA GGGTGTGGAA AGTCCCCAGG CTCCCCAGGC AGGCAGAAGT ATGCAAAGCA 
TGCATCTCAA TTAGTCAGCA ACCAGGTGTG GAAAGTCCCC AGGCTCCCCA GCAGGCAGAA GTATGCAAAG CATGCATCTC AATTAGTCAG 
CAACCATAGT CCCGCCCCTA ACTCCGCCCA TCCCGCCCCT AACTCCGCCC AGTTCCGCCC ATTCTCCGCC CCATGGCTGA CTAA I Hill 
TTATTTATGC AGAGGCCGAG GCCG CCTC TG CCTCTGAGCT ATTCCAGAAG TAGTGAGGAG GCTTTTTTGG AGGCCTAGGC TTTTGCAAAA 
AGCTCCCGGG AG CTTGTAT A TCCATTTTCG GATCTGATCA AGAGACAGGA TGAGGATCGT TTCGCATGAT TGAACAAGAT GGATTGCACG 
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CAGGTTCTCC GGCCGCTTGG GTGGAGAGGC TATTCGGCTA TGACTGGGCA CAACAGACAA TCGGCTGCTC TGATGCCGCC GTGTTCCGGC 
TGTCAGCGCA GGGGCGCCCG GTTC 'l I 1 I I G TCAAGACCGA CCTGTCCGGT GCCCTGAATG AACTGCAGGA CGAGGCAGCG CGGCTATCGT 
GGCTGGCCAC GACGGGCGTT CCTTGCGCAG CTGTG CTCG A CGTTGTCACT GAAGCGGGAA GGGACTGGCT GCTATTGGGC GAAGTGCCGG 
GGCAGGATCT CCTGTCATCT CACCTTGCTC CTGCCGAGAA AGTATCCATC ATGGCTGATG CAATGCGGCG GCTGCATACG CTTGATCCGG 
CTACCTGCCC ATTCGACCAC CAAGCGAAAC ATCGCATCGA GCGAGCACGT ACTCGGATGG AAGCCGGTCT TGTCGATCAG GATGATCTGG 
ACGAAGAGCA TCAGGGGCTC GCGCCAGCCG AACTGTTCGC CAGGCTCAAG GCGCGCATGC CCGACGGCGA GGATCTCGTC GTGACCCATG 
GCGATGCCTG CTTGCCGAAT ATCATGGTGG AAAATGGCCG CTTTTCTG G A TTCATCGACT GTGGCCGGCT GGGTGTGGCG GACCGCTATC 
AGGACATAGC GTTGGCTACC CGTGATATTG CTGAAGAGCT TGGCGGCGAA TGGGCTGACC GCTTCCTCGT GCTTTACGGT ATCGCCGCTC 
CCGATTCGCA GCGCATCGCC TTCTATCGCC TTCTTGACGA GTTCTTCTGA GCGGGACTCT GGGGTTCGAA ATGACCGACC AAGCGACGCC 
CAACCTGCCA TCACGAGATT TCGATTCCAC CGCCGCCTTC TATGAAAGGT TGGGCTTCGG AATCGTTTTC CGGGACGCCG GCTGGATGAT 
CCTCCAGCGC GGGGATCTCA TGCTGGAGTT CTTCGCCCAC CCCAACTTGT TTATTGCAGC TTATAATGGT TACAAATAAA GCAATAGCAT 
CACAAATTTC ACAAATAAAG CATTTTTTTC ACTGCATTCT AGTTGTGGTT TGTCCAAACT CATCAATGTA TCTTATCATG TCTGTATACC 
GTCGACCTCT AGCTAGAGCT TG G CGTAATC ATGGTCATAG CTGTTTCCTG TGTGAAATTG TTATCCGCTC ACAATTCCAC ACAACATACG 
AGCCGGAAGC ATAAAGTGTA AAGCCTGGGG TGCCTAATGA GTGAGCTAAC TCACATTAAT TGCGTTGCGC TCACTGCCCG CTTTCCAGTC 
GGGAAACCTG TCGTGCCAGC TG C ATTAATG AATCGGCCAA CGCGCGGGGA GAGGCGGTTT GCGTATTGGG CGCTCTTCCG CTTCCTCGCT 
CACTGACTCG CTGCGCTCGG TCGTTCGGCT GCGGCGAGCG GTATCAGCTC ACTCAAAGGC GGTAATACGG TTA TCCAC AG AATCAGGGGA 
TAACGCAGGA AAGAACATGT GAGCAAAAGG CCAGCAAAAG GCCAGGAACC GTAAAAAGGC CGCGTTGCTG GCGTTTTTCC ATAGGCTCCG 
CCCCCCTGAC GAGCATCACA AAAATCGACG CTCAAGTCAG AGGTGGCGAA ACCCGACAGG ACTATAAAGA TACCAGGCGT TTCCCCCTGG 
AAGCTCCCTC GTGCGCTCTC CTGTTCCGAC CCTGCCGCTT ACCGGATACC TGTCCGCCTT TCTCCCTTCG GGAAGCGTGG CGCTTTCTCA 
ATGCTCACGC TGTAGGTATC TCAGTTCGGT GTAGGTCGTT CGCTCCAAGC TGGGCTGTGT GCACGAACCC CCCGTTCAGC CCGACCGCTG 
CGCCTTATCC GGTAACTATC GTCTTGAGTC CAACCCGGTA AGACACGACT TATCGCCACT GGCAGCAGCC ACTGGTAACA GGATTAGCAG 
AGCGAGGTAT GTAGGCGGTG CTACAGAGTT CTTGAAGTGG TGGCCTAACT ACGGCTACAC TAGAAGGACA GTATT TGGTA TCTGCGCTCT 
GCTGAAGCCA GTTACCTTCG GAAAAAGAGT TGGTAGCTCT TGATCCGGCA AACAAACCAC CGCTGGTAGC GGTGG I I I I 1 TTGTTTGCAA 
GCAGCAGATT ACGCGCAGAA AAAAAGGATC TCAAGAAGAT CCTTTGATCT TTTCTACGGG GTCTGACGCT CAGTGGAACG AAAACTCACG 
TTAAGGGATT TTGGTCATGA GATTATCAAA AAGGATCTTC ACCTAGATCC TTTTAAATTA AAAATGAAGT TTTAAATCAA TCTAAAGTAT 
ATATGAGTAA ACTTGGTCTG ACAGTTACCA ATG CTTAATC AGTGAGGCAC CTATCTCAGC GATCTGTCTA TTTCGTTCAT CCATAGTTGC 
CTGACTCCCC GTCGTGTAGA TAACTACGAT ACGGGAGGGC TTACCATCTG GCCCCAGTGC TGCAATGATA CCGCGAGACC CACGCTCACC 
GGCTCCAGAT TTATC AG C AA TAAACCAGCC AGCCGGAAGG GCCGAGCGCA GAAGTGGTCC TGCAACTTTA TCCGCCTCCA TCCAGTCTAT 
TAATTGTTGC CGGGAAGCTA GAGTAAGTAG TTCGCCAGTT AATAGTTTGC GCAACGTTGT TGCCATTGCT ACAGGCATCG TGGTGTCACG 
CTCGTCGTTT GGTATGGCTT CATTCAGCTC CGGTTCCCAA CGATCAAGGC GAGTTACATG ATCCCCCATG TTGTGCAAAA AAGCGGTTAG 
CTCCTTCGGT CCTCCGATCG TTGTCAGAAG TAAGTTGGCC GCAGTGTTAT CACTCATGGT TATGGCAGCA CTGCATAATT CTCTTACTGT 
CATGCCATCC GTAAGATGCT TTTCTGTGAC TGGTGAGTAC TCAACCAAGT CATTCTGAGA ATAGTGTATG CGGCGACCGA GTTGCTCTTG 
CCCGGCGTCA ATACG G G ATA ATACCGCGCC ACATAGCAGA ACTTTAAAAG TGCTCATCAT TGGAAAACGT TCTTCGGGGC GAAAACTCTC 
AAGGATCTTA CCGCTGTTGA GATCCAGTTC GATGTAACCC ACTCGTGCAC CCAACTGATC TTCAGCATCT TTTACTTTCA CCA GCGTT TC 
TGGGTGAGCA AAAACAGGAA GGCAAAATGC CGCAAAAAAG GGAATAAGGG CGACACGGAA ATGTTGAATA CTCATACTCT TCCTTTTTCA 
ATATTATTGA AGCATTTATC AGGGTTATTG TCTCATGAGC GGATACATAT TTGAATGTAT TTAGAAAAAT AAACAAATAG GGGTTCCGCG 
CACATTTCCC CGAAAAGTGC CACCTGACGT C 



The pSCAl suicide DNA vector has the sequence [SEQ ID NO:2]: 
(includes cloning sites 

ATGGCGGATG TGTGACATAC ACGACGCCAA AAG A I I II GT TCCAGCTCCT GCCACCTCCG CTACGCGAGA GATTAACCAC 
CCACGATGGC CGCCAAAGTG CATGTTGATA TTGAGGCTGA CAGCCCATTC ATCAAGTCTT TGCAGAAGGC ATTTCCGTCG 
TTCGAGGTGG AGTCATTGCA GGTCACACCA AATGACCATG CAAATGCCAG AGCATTTTCG CACCTGGCTA CCAAATTGAT 
CGAGCAGGAG ACTGACAAAG ACACACTCAT CTTGGATATC GGCAGTGCGC CTTCCAGGAG AATGATGTCT ACGCACAAAT 
ACCACTGCGT ATGCCCTATG CGCAGCGCAG AAGACCCCGA AAGGCTCGAT AGCTACGCAA AGAAACTGGC AGCGGCCTCC 
GGGAAGGTGC TGGATAGAGA GATCGCAGGA AAAATC AC CG ACCTGCAGAC CGTCATGGCT ACGCCAGACG CTGAATCTCC 
TACCTTTTGC CTGCATACAG ACGTCACGTG TCGTACGGCA GCCGAAGTGG CCGT AT AC C A GGACGTGTAT GCTGTACATG 
CACCAACATC GCTGTACCAT CAGGCGATGA AAGGTGTCAG AACGGCGTAT TGGATTGGGT TTGACACCAC CCCGTTTATG 
TTTGACGCGC TAGCAGGCGC GTATCCAACC TACGCCACAA ACTGGGCCGA CGAGCAGGTG TTACAGGCCA GGAACATAGG 
ACTGTGTGCA GCATCCTTGA CTGAGGGAAG ACTCGGCAAA CTGTCCATTC TCCGCAAGAA GCAATTGAAA CCTTGCGACA 
CAGTCATGTT CTCGGTAGGA TCTACATTGT ACACTGAGAG CAGAAAGCTA CTGAGGAGCT GGCACTTACC CTCCGTATTC 
CACCTGAAAG GTAAACAATC CTTTACCTGT AGGTGCGATA CCATCGTATC ATGTGAAGGG TACGTAGTTA AGAAAATCAC 
TATGTGCCCC GGCCTGTACG GTAAAACGGT AGGGTACGCC GTGACGTATC ACGCGGAGGG ATTCCTAGTG TGCAAGACCA 
CAGACACTGT CAAAGGAGAA AGAGTCTCAT TCCCTGTATG CACCTACGTC CCCTCAACCA TCTGTGATCA AATGACTGGC 
ATACTAGCGA CCGACGTCAC ACCGGAGGAC GCACAGAAGT TGTTAGTGGG ATTGAATCAG AGGATAGTTG TGAACGGAAG 
AACACAGCGA AACACTAACA CGATGAAGAA CTATCTGCTT CCGATTGTGG CCGTCGCATT TAGCAAGTGG GCGAGGGAAT 
ACAAGGCAGA CCTTGATGAT GAAAAACCTC TGGGTGTCCG AGAGAGGTCA CTTACTTGCT GCTGCTTGTG GGCATTTAAA 
ACGAGGAAGA TGCACACCAT GTACAAGAAA CCAGACACCC AGACAATAGT GAAGGTGCCT TCAGAGTTTA ACTCGTTCGT 
CATCCCGAGC CTATGGTCTA CAGGCCTCGC AATCCCAGTC AGATCACGCA TTAAGATGCT TTTGGCCAAG AAGACCAAGC 
GAGAGTTAAT ACCTGTTCTC GACGCGTCGT CAGCCAGGGA TGCTGAACAA GAGGAGAAGG AGAGGTTGGA GGCCGAGCTG 
ACTAGAGAAG CCTTACCACC CCTCGTCCCC ATCGCGCCGG CGGAGACGGG AGTCGTCGAC GTCGACGTTG AAGAACTAGA 
GTATCACGCA GGTGCAGGGG TCGTGGAAAC ACCTCGCAGC GCGTTGAAAG TCACCGCACA GCCGAACGAC GTACTACTAG 
GAAATTACGT AGTTCTGTCC CCGCAGACCG TGCTCAAGAG CTCCAAGTTG GCCCCCGTGC ACCCTCTAGC AGAGCAGGTG 
AAAATAATAA CACATAACGG GAGGGCCGGC GGTTACCAGG TCGACGGATA TGACGGCAGG GTCCTACTAC CATGTGGATC 
GGCCATTCCG GTCCCTGAGT TTCAAGCTTT GAGCGAGAGC GCCACTATGG TGTACAACGA AAGGGAGTTC GTCAACAGGA 
AACTATACCA TATTGCCGTT CACGGACCGT CGCTGAACAC CGACGAGGAG AACTACGAGA AAGTCAGAGC TGAAAGAACT 
GACGCCGAGT ACGTGTTCGA CGTAGATAAA AAATGCTGCG TCAAGAGAGA GGAAGCGTCG GGTTTGGTGT TGGTGGGAGA 
GCTAACCAAC CCCCCGTTCC ATGAATTCGC CTACGAAGGG CTGAAGATCA GGCCGTCGGC ACCATATAAG ACTACAGTAG 
TAGGAGTCTT TGGGGTTCCG GGATCAGGCA AGTCTGCTAT TATTAAGAGC CTCGTGACCA AACACGATCT GGTCACCAGC 
GGCAAGAAGG AGAACTGCCA GGAAATAGTT AACGACGTGA AGAAGCACCG CGGGAAGGGG ACAAGTAGGG AAAACAGTGA 
CTCCATCCTG CTAAACGGGT GTCGTCGTGC CGTGGACATC CTATATGTGG ACGAGGCTTT CGCTaGCCAT TCCGGTACTC 
TGCTGGCCCT AATTGCTCTT GTTAAACCTC GGAGCAAAGT GGTGTTATGC GGAGACCCCA AGCAATGCGG ATTCTTCAAT 
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ATGATGCAGC TTAAGGTGAA CTTCAACCAC AACATCTGCA 
TCCAGTCACG GCCATCGTGT CTACGTTGCA CTACGGAGGC 
TAGACACCAC AGG AC AG AC C AAGCCCAAGC CAGGAGACAT 
TTGGACTACC GTGGACACGA AGTCATGACA GCAGCAGCAT 
GAAGGTGAAT GAAAATCCCT TGTATGCCCC TGCGTCGGAG 
TGTGGAAAAC GCTGGCCGGC GATCCCTGGA TTAAGGTCCT 
GAATGGCAAG AAGAACACGA CAAAATAATG AAGGTGATTG 
GAACGTGTGT TGGGCGAAAA GCCTGGTGCC TGTCCTGGAC 
TAATTACAGC ATTTAAGGAG GACAGAGCTT ACTCTCCAGT 
GACCTGGACA GTGGCCTGTT TTCTGCCCCG AAGGTGTCCC 
AAGGATGTAT GGATTCAATG CCGCAACAGC TGCCAGGCTG 
GCAAGCAGGC AGTTATCGCA GAAAGAAAAA TCCAACCGCT 
CCGCACGCCC TGGTGGCTGA GTACAAGACG GTTAAAGGCA 
CGTCCTG CTG GTGAGTGAGT ACAACCTGGC TTTGCCTCGA 
CCGATAGGTG CTACGACCTA AGTTTAGGAC TGCCGGCTGA 
GAATTCAGAA TCCACCACTA CCAGCAGTGT GTCGACCACG 
GCTAAAACCC GGCGGCATCT TGATGAGAGC TTACGGATAC 
GAAAGTTCTC GTCTGCAAGA GTGTTGCGCC CGGATTGTGT 
GACAACGGAA AGAGACCCTC TACGCTACAC CAGATGAATA 
GGCCGGGTGT GCACCATCCT ACAGAGTTAA GAGAGCAGAC 
ACGCCCGTGG AACTGTAGGG GATGGCGTAT GCAGGGCCGT 
CCAGTGGGCA CAATTAAAAC AGTCATGTGC GGCTCGTACC 
TGAAGCGGAA GGGGACCGCG AATTGGCCGC TGTCTACCGG 
TAGCCATCCC GCTGCTGTCC ACAGGAGTGT TCAGCGGCGG 
GCAATGGACG CCACGGACGC TGACGTGACC ATCTACTGCA 
CATGAGGACG GCTGTGGAGT TGCTCAATGA TGACGTGGAG 
TGGTGGGTCG TAAGGGCTAC AGTACCACTG ACGGGTCGCT 
ATTGATATGG CAGAGATACT GACGTTGTGG CCCAGACTGC 
AACAATGGAC AACATCAGAT CCAAATGTCC GGTGAACGAT 
GCCGCTACGC AATGACAGCA GAACGGATCG CCCGCCTTAG 
CCCCTCCCGA AATACCATGT AGATGGGGTG CAGAAGGTAA 
AGTGGTTAGT CCGCGGAAGT ATGCCGCATC TACGACGGAC 
CCACCGACTC GTCTTCCACT GCCAGCGATA CCATGTCGCT 
CCAATGGCTC CCATAGTAGT GACGGCTGAC GTACACCCTG 
TGAACCCGCA G ACCATGTG G ACCTCGAGAA CCCGATTCCT 
CGGCGGAGCG ACCGGTGCCG GCGCCGAGAA AGCCGACGCC 
TTCGGCGACT TTGACGAGCA CGAGGTCGAT GCGTTGGCCT 
AGGCCGCGCG GGTGCATATA TTTTCTCCTC GGACACTGGC 
TCCAGTGCGC ACAACTGGAT GCGGTCCAGG AGGAGAAAAT 
CTGCTGAAAA TGCAGATGCA CCCATCGGAG GCTAATAAGA 
GGTGGTGGAC AGGCTCACAT CGGGGGCCAG ATTGTACACG 
ACCCCCGCCC CGTGTACTCC CCTACCGTGA TCGAAAGATT 
CTATCCAGAA ATTACCCAAC AGTGGCGTCG TACCAGATAA 
GGATAGTTGC TTGGACAGAG CGACATTCTG CCCGGCGAAG 
CTGTACGCAG TGCCGTCCCG TCACCCTTTC AGAACACACT 
GTCACGCAAA TGCGAGAACT ACCCACCATG GACTCGGCAG 
AGAATATTGG GAAGAATATG CTAAACAACC TATCCGGATA 
GCCCGAAAGC TGCTGCCTTG TTCG CTAAG A CCCACAACTT 
GACATGAAAC GAGATGTCAA AGTCACTCCA GGGACGAAAC 
GG AG CCATTG GCGACCGCTT ACCTGTGCGG CATCCACAGG 
TGCACACATT GTTTGATATG TCGGCCGAAG ACTTTGACGC 
GAGACGGACA TTG CATC ATT CGACAAAAGC CAGGACGACT 
GGTGGATCAG TACCTG CTG G ACTTGATCGA GGCAGCCTTT 
TCAAGTTCGG AGCTATGATG AAATCGGGCA TGTTTCTGAC 
AG GGTACTGG AGCAGAGACT CACTGACTCC GCCTGTGCGG 
CGACAAGCTG ATGGCGGAGA GGTGCGCGTC GTGGGTCAAC 
CCCCATATTT TTGTGGGGGA TTCATAGTTT TTGACAGCGT 
CTGTTCAAGT TGGGTAAGCC GCTAACAGCT GAAGACAAGC 
CAAGTGGTTC CGGACAGGCT TGGGGGCCGA ACTGGAGGTG 
TCCTCATAGC CATGGCCACC TTGGCGAGGG ACATTAAGGC 
GGTCCTAGAT TGGTGCGTTA ATACACAGAA TTCTGATTgg 
TTTACGG CCG CCGGTGGCGC CCGCGCCCGG CGGCCCGTCC 
GACTTCCAGG CCCAGCAGAT GCAGCAACTC ATCAGCGCCG 
TAGGCCTCCC AAACCAAAGA AGAAGAAGAC AACCAAACCA 
AGCAGCAAAA GAAGAAAGAC AAGCAAGCCG ACAAGAAGAA 
GAAAATGACT GTATCTTCGT ATGCGGCTAG CCACAGTAAC 
TGCAGAAAAT CTCGGGTGGT CTGGGGGCCT TCGCAATCGG 
CGCAGATAAG TTAGGGTAGG CAATGGCATT GATATAGCAA 
AXAACCATAA CTGTATAACT TGTAACAAAG CGCAACAAGA 
GGGCAACTCA TATTGACACA TTAATTGGCA ATAATTGGAA 
TTTATTTTGC AATTGG Mil TAATATTTCC AAAAAAAAAA 



CTGAAGTATG TCATAAAAGT ATATCCAGAC GTTGCACGCG 
AAGATGCGCA CGACCAACCC GTG CAAC AAA CCCATAATCA 
CGTGTTAACA TGCTTCCGAG GCTGGGCAAA GCAGCTGCAG 
CTCAGGGCCT CACCCGCAAA GGGGTATACG CCGTAAGGCA 
CACGTGAATG TACTGCTGAC GCGCACTGAG GATAGGCTGG 
ATCAAACATT CCACAGGGTA ACTTTACGGC CACATTGGAA 
AAGGACCGGC TGCGCCTGTG GACGCGTTCC AGAACAAAGC 
ACTGCCGGAA TCAGATTGAC AGCAGAGGAG TGGAGCACCA 
GGTGGCCTTG AATGAAATTT GCACCAAGTA CTATGGAGTT 
TGTATTACGA GAACAACCAC TGGGATAACA GACCTGGTGG 
GAAGCTAGAC ATACCTTCCT GAAGGGGCAG TGGCATACGG 
TTCTGTGCTG GACAATGTAA TTCCTATCAA CCGCAGGCTG 
GTAGGGTTGA GTGGCTGGTC AATAAAGTAA GAGGGTACCA 
CGCAGGGTCA CTTGGTTGTC ACCGCTGAAT GTCACAGGCG 
CGCCGGCAGG TTCGACTTGG TCTTTGTGAA CATTCACACG 
CCATGAAGCT GCAGATGCTT GGGGGAGATG CGCTACGACT 
GCCGATAAAA TCAGCGAAGC CGTTGTTTCC TCCTTAAGCA 
CACCAGCAAT ACAGAAGTGT TCTTGCTGTT CTCCAACTTT 
CCAAGCTGAG TGCCGTGTAT GCCGGAGAAG CCATGCACAC 
ATAGCCACGT GCACAGAAGC GGCTGTGGTT AACGCAGCTA 
GGCGAAGAAA TGGCCGTCAG CCTTTAAGGG AGCAGCAACA 
CCGTCATCCA CGCTGTAGCG CCTAATTTCT CTGCCACGAC 
GCAGTGGCCG CCGAAGTAAA CAGACTGTCA CTGAGCAGCG 
AAGAGATAGG CTGCAGCAAT CCCTCAACCA TCTATTCACA 
GAGACAAAAG TTGGGAGAAG AAAATCCAGG AAG CCATTG A 
CTGACCACAG ACTTGGTGAG AGTGCACCCG GACAGCAGCC 
GTACTCGTAC TTTGAAGGTA CGAAATTCAA CCAGGCTGCT 
AAGAGGCAAA CGAACAGATA TGCCTATACG CGCTGGGCGA 
TCCGATTCAT CAACACCTCC CAGGACAGTG CCCTGCCTGT 
GTCACACCAA GTTAAAAGCA TGGTGGTTTG CTCATCTTTT 
AGTGCGAGAA GGTTCTCCTG TTCGACCCGA CGGTACCTTC 
CACTCAGATC GGTCGTTACG AGGGTTTGAC TTGGACTGGA 
ACCCAGTTTG CAGTCGTGTG ACATCGACTC GATCTACGAG 
AACCCGCAGG CATCGCGGAC CTGGCGGCAG ATGTGCACCC 
CCACCGCGCC CGAAGAGAGC TGCATACCTT GCCTCCCGCG 
TGCCCCAAGG ACTGCGTTTA GGAACAAGCT GCCTTTGACG 
CCGGGATTAC TTTCGGAGAC TTCGACGACG TCCTGCGACT 
AGCGGACATT TACAACAAAA ATCCGTTAGG CAGCACAATC 
GTACCCGCCA AAATTGGATA CTGAGAGGGA GAAGCTGTTG 
GTCGATACCA GTCTCGCAAA GTGGAGAACA TGAAAGCCAC 
GGAGCGGACG TAGGCCGCAT ACCAACATAC GCGGTTCGGT 
CTCAAGCCCC GATGTAGCAA TCGCAGCGTG CAACGAATAC 
CAGATGAATA CGACGCATAC TTGGACATGG TTGACGGGTC 
CTCCGGTGCT ACCCGAAACA TCATGCGTAC CACCAGCCGA 
ACAGAACGTG CTAGCGGCCG CCACCAAGAG AAACTGCAAC 
TGTTCAACGT GGAGTGCTTC AAGCGCTATG CCTGCTCCGG 
ACCACTGAGA ACATCACTAC CTATGTGACC AAATTGAAAG 
GGTTCCGCTG CAGGAGGTTC CCATGGACAG ATTCACGGTC 
ACACAGAGGA AAGACCCAAA GTCCAGGTAA TTCAAGCAGC 
GAATTAGTAA GGAGACTAAA TGCTGTGTTA CGCCCTAACG 
GATCATCGCC TCTCACTTCC ACCCAGGAGA CCCGGTTCTA 
CCTTGGCTCT TACAGGTTTA ATGATCCTCG AAGATCTAGG 
GGGGAAATAT CCAGCTGTCA CCTACCAACT GGCACGCGCT 
TTTGTTTATT AACACTGTTT TGAACATCAC CATAGCAAGC 
CCTTCATCGG CGACGACAAC ATCGTTCACG GAGTGATCTC 
ATGGAGGTGA AGATCATTGA CGCTGTCATG GGCGAAAAAC 
CACACAGACC GCCTGCCGTG TTTCAGACCC ACTTAAGCGC 
AGGACGAAGA CAGGCGACGA GCACTGAGTG ACGAGGTTAG 
GCACTAACAT CTAGGTATGA GGTAGAGGGC TGCAAAAGTA 
GTTTAAGAAA TTGAGAGGAC CTGTTATACA CCTCTACGGC 
atCCCGGGTA ATTAATTGAA TTACATCCCT ACGCAAACGT 
TTGGCCGTTG CAGGCCACTC CGGTGGCTCC CGTCGTCCCC 
TAAATGCGCT GACAATGAGA CAGAACGCAA TTGCTCCTGC 
AAGCCGAAAA CGCAGCCCAA GAAGATCAAC GGAAAAACGC 
GAAGAAACCC GGAAAAAGAG AAAGAATGTG CATGAAGATT 
GTAGTGTTTC CAGACATGTC GGGCACCGCA CTATCATGGG 
CGCTATCCTG GTGCTGGTTG TGGTCACTTG CATTGGGCTC 
GAAAATTGAA AACAGAAAAA GTTAGGGTAA GCAATGGCAT 
CCTGCGCAAT TGGCCCCGTG GTCCGCCTCA CGGAAACTCG 
GCTTACATAA GCTTAATTCG ACGAATAATT GGA 11 I 1 I AT 
AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 
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aaaaaaaaaa aaaaaaaaaa CTAGTgatca taatcagcca 
ccacacctcc ccctgaacct gaaacataaa atgaatgcaa 
caaataaagc aatagcatca caaatttcac aaataaagca 
tcaatgtatc ttatcatgtc tggaTCTAGT ctgcattaat 

GCGCTCTTCC GCTTCCTCGC TCACTGACTC GCTGCGCTCG 
CGGTAATACG GTTATCCACA GAATCAGGGG ATAACGCAGG 
CGTAAAAAGG CCGCGTTGCT GGCG I I I I 1 C CATAGGCTCC 
GAGGTGGCGA AACCCGACAG GACTATAAAG ATACCAGGCG 
CCCTGCCGCT TACCGGATAC CTGTCCGCCT TTCTCCCTTC 
CTCAGTTCGG TGTAGGTCGT TCGCTCCAAG CTGGGCTGTG 
CGGTAACTAT CGTCTTGAGT CCAACCCGGT AAGACACGAC 
GAGCGAGGTA TGTAGGCGGT GCTACAGAGT TCTTGAAGTG 
ATCTGCGCTC TGCTGAAGCC AGTTACCTTC GGAAAAAGAG 
CGGTGGI I I I TTTGTTTGCA AGCAGCAGAT TACGCGCAGA 
GGcatTCTGA CGCTCAGTGG AACGAAAACT CACGTTAAGG 
ATCCTTTTAA ATTAAAAATG AAGTTTTAAA TCAATCTAAA 
AATCAGTGAG GCACCTATCT C AG CGATCTG TCTATTTCGT 
CGATACGGGA GGGCTTACCA TCTGGCCCCA GTGCTGCAAT 
G CAAT AAACC AGCCAGCCGG AAGGGCCGAG CGCAGAAGTG 
TTGCCGGGAA GCTAGAGTAA GTAGTTCGCC AGTTAATAGT 
CACGCTCGTC GTTTGGTATG G CTTCATTCA GCTCCGGTTC 
AAAAAAGCGG TTAGCTCCTT CGGTCCTCCG ATCGTTGTCA 
AGCACTGCAT AATTCTCTTA CTGTCATGCC ATCCGTAAGA 
GAGAATAGTG TATGCGGCGA CCGAGTTGCT CTTGCCCGGC 
AAAGTGCT CA TCATTGGAAA ACGTTCTTCG GGG CGAAA AC 
ACCCACTCGT GCACCCAACT G ATCTTC AG C ATCTTTTACT 
ATGCCGCAAA AAAGGGAATA AGGGCGACAC GGAAATGTTG 
TATCAGGGTT ATTGTCTCAT GAGCGGATAC ATATTTGAAT 
TCCCCGAAAA GTGCCACCTG ACGTCTAAGA AACCATTATT 
CCTTTCGTCT CGCGCGTTTC GGTGATGACG GTGAAAACCT 
TAAG CGGATG CCGGGAGCAG ACAAGCCCGT CAGGGCGCGT 
GGCATCAGAG CAGATTGTAC TGAGAGTGCA CCATATCGAC 
TACTAGGTTG AGGCCGTTGA GCACCGCCGC CGCAAGGAAT 
CCATATATGG AGTTCCGCGT TACATAACTT ACGGTAAATG 
GTCAATAATG ACGTATGTTC CCATAGTAAC GCCAATAGGG 
CTGCCCACTT GGCAGTACAT CAAGTGTATC ATATGCCAAG 
TGGCATTATG CCC ACTA CAT GACCTTATGG GACTTTCCTA 
GGTGATGCGG Tl I I GGCAGT ACATCAATGG GCGTGGATAG 
ACGTCAATGG GAGTTTGTTT TGGCACCAAA ATCAACGGGA 
ATGGGCGGTA GGCGTGTACG GTGGGAGGTC TATATAAGCA 
TTATCGAAAT TAATACGACT CACTATAGGG AGACCGGAAG 



taccacattt gtagaggttt tacttgcttt aaaaaacctc 
ttgttgttgt taacttgttt attgcagctt ataatggtta 
tttttttcac tgcattctag ttgtggtttg tccaaactca 

GAATCGGCCA ACGCGCGGGG AGAGGCGGTT TGCGTATTGG 
GTCGTTCGGC TGCGGCGAGC GGTATCAGCT CACTCAAAGG 
AAAGAACATG TGAGCAAAAG GCCAGCAAAA GGCCAGGAAC 
GCCCCCCTGA CGAGCATCAC AAAAATCGAC GCTCAAGTCA 
TTTCCCCCTG GAAGCTCCCT CGTGCGCTCT CCTGTTCCGA 
GGGAAGCGTG GCGCTTTCTC AATGCTCGCG CTGTAGGTAT 
TGCACGAACC CCCCGTTCAG CCCGACCGCT GCGCCTTATC 
TTATCGCCAC TGGCAGCAGC CACTGGTAAC AGGATTAGCA 
GTGGCCTAAC TACGGCTACA CTAGAAGGAC AGTATTTGGT 
TTGGTAGCTC TTGATCCGGC AAACAAACCA CCGCTG GTAG 
AAAAAAGGAT CTCAAGAAGA TCCTTTGATC TTTTCTACGG 
GATTTTGGTC ATGAGATTAT CAAAAAGGAT CTTCACCTAG 
GTATATATGA GTAAACTTGG TCTGACAGTT ACCAATGCTT 
TCATCCATAG TTGCCTGACT CCCCGTCGTG TAGATAACTA 
GATACCGCGA GACCCACGCT CACCGGCTCC AGATTTATCA 
GTCCTGCAAC TTTATCCGCC TCCATCCAGT CTATTAATTG 
TTGCGCAACG TTGTTGCCAT TGCTACAGGC ATCGTGGTGT 
CCAACGATCA AGGCGAGTTA CATGATCCCC CATGTTGTGC 
GAAGTAAGTT GGCCGCAGTG TTATCACTCA TGGTTATGGC 
TGCTTTTCTG TGACTGGTGA GTACTCAACC AAGTCATTCT 
GTCAATACGG GATAATACCG CGCCACATAG CAGAACTTTA 
TCTCAAGGAT CTTACCGCTG TTGAGATCCA GTTCGATGTA 
TTCACCAGCG TTTCTGGGTG AGCAAAAACA GGAAGGCAAA 
AATACTCATA CTCTTCCTTT TTCAATATTA TTGAAGCATT 
GTATTTAGAA AAATAAACAA ATAGGGGTTC CGCGCACATT 
ATCATGACAT TAAC CTATAA AAATAGGCGT ATCACGAGGC 
CTGACACATG CAGCTCCCGG AGACGGTCAC AGCTTCTGTC 
CAGCGGGTGT TGGCGGGTGT CGGGGCTGGC TTAACTATGC 
GCTCTCCCTT ATGCGACTCC TGCATTAGGA AGCAGCCCAG 
GGTGCATGCG TAATCAATTA CGGGGTCATT AGTTCATAGC 
GCCCGCCTGG CTGACCGCCC AACGACCCCC GCCCATTGAC 
ACTTTCCATT GACGTCAATG GGTGGAGTAT TTACGGTAAA 
TACGCCCCCT ATTGACGTCA ATGACGGTAA ATGGCCCGCC 
CTTGGCAGTA CATCTACGTA TTAGTCATCG CTATTACCAT 
CGGTTTGACT CACGGGGATT TCCAAGTCTC CACCCCATTG 
CTTTCCAAAA TGTCGTAACA ACTCCGCCCC ATTGACGCAA 
GAGCTCTCTG GCTAACTAGA GAACCCACTG CTTAACTGGC 
CTTGAATTC 



The PSG5 vector has the sequence [SEQ ID NO:3] 

GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
TGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCCATGGCTGACTAA I I I I I I I I ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
CCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTGGATCGATCCTGAGA ACTTC AGGGTGAGT 
TTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTATTGT 

GTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCCTCATGATAATTTTGTTTCTTTCACTT^ 
AACCATTGTCTCCTCTTATTTTCTTTTCATTTTCTGTAACTTTTTCGTTA I I I M 

AAATTCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAATCAC I I I I i I I I CAAGGCAATCAGGGTATATTATA 
TTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAAGGTAGAATATTTCTGCATA 
GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCTGGTCATC^^ 

ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTTCTTC I I I ( i 

CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTGTAATACGACTCACTATAGG 

GCGAATTCGGATCCAGATCTTATTAAAGCAGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATA 

CAAATTTC ACAAATAAAG CA I I 1 I I I I CACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTC 

TGGTCGACTCTAGACTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGC 

TCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAA 

AGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGA 

CGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTC 

TCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCAC 

GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC 

TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCG^CTGGCAGCAGCCACTGGTAA 

CAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGA 

CAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTG GTAG CTCTTGATCCG GC AAA CAAACC 

ACCGCTGGTAGCGGTGG I I M I I I GTTTG C AAG CAG CAG ATTACG CGCAG AAAAAAAG G ATCTCAAGAAG ATC CTTTG AT 
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Cllli CTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCT 
TCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA 

CAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTA 
GATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAG 
5 ATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGO\ACTTTATCCGCCTCCATCCAGTCT 
ATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCA^ 
CGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCA 
TGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAA GTAA GTTGGCCGCAGTGTTATCACTCATG 
GTTATGGCAGCACTGC^TAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAA 

lO GTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCA 
GAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGT^ 
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGG 
AAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTC I I I I I I CAATATTATT 
GAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAG 

15 CGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTAT 
CACGAGGCCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACA 
GCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCT 
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAA 
AATACCGCATCAGGAAATTGTAAACGTTAATA I 11 i GTTAAAATTCGCGTTAAA I I I I I GTTAAATCAGCTCA I MIMA 

20 ACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGG 
AACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACG 
TGAACCATCACCCTAATCAAG I I I It I GGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGAT 
TTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTG 
GCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCGCGCCATTC 

25 GCCATTCAGGCTACGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAGGGGGGAT 
GTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGG I I I I CCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATT 



Antigen Sequences 

The HPV E7 sequence (nucleotide sequence is SEQ ID NO:4 used in the present vectors 
30 and amino acid sequence is SEQ ID NO:5) is shown below: 



1/1 31/11 

atg cat gga gat aca cct aca ttg cat gaa tat atg tta gat ttg caa cca gag aca act 

Met His Gly Asp Thr Pro Thr Leu His Glu Tyr Met Leu Asp Leu Gin Pro Glu Thr Thr 
35 61/21 91/31 

gat etc tac tgt tat gag caa tta aat gac age tea gag gag gag gat gaa ata gat gqt 

Asp Leu Tyr Cys Tyr Glu Gin Leu Asn Asp Ser Ser Glu Glu Glu Asp Glu lie Asp Gly 
121/41 151/51 

cca get gga caa gca gaa ccg gac aga gec cat tac aat att gta acc ttt tgt tgc aag 

40 Pro Ala Gly Gin Ala Glu Pro Asp Arg Ala His Tyr Asn lie Val Thr Phe Cys cys Lys 
181/61 ' ~ 211/71 

tgt gac tct acg ctt egg ttg tgc gta caa age aca cac gta gac att cgt act ttg gaa 

cys Asp Ser Thr Leu Arg Leu Cys val Gin ser Thr His val Asp lie Arg Thr Leu Glu 
241/81 271/91 

45 gac ctg tta atg ggc aca eta gga att gtg tgc ccc ate tgt tct cag gat aag ctt 

Asp Leu Leu Met Gly Thr Leu Gly lie val Cys Pro lie Cys Ser Gin Asp Lys Leu 



This differs from the GENEBANKAccession Number NCJ)01526 for the E7 protein 
which is: 

50 

MHGDTPTLHE YMLDLQPETT DLYCYEQLND SSEEEDEIDG PAGQAEPDRA HYNIVTFCCK 
CDSTLRLCVQ STHVDIRTLE DLLMGTLGIV CPICSQKP 97 (SEQ ID NO: 6) 



The HPV E6 protein amino acid sequence GENEBANKAccession Number NC_001526 

55 

MHQKRTAMFQ DPQERPRKLP QLCTELQTTI HDIILECVYC KQQLLRREVY DFAFRDLCIV 
YRDGNPYAVC DKCLKFYSKI SEYRHYCYSL YGTTLEQQYN KPLCDLLIRC INCQKPLCPE 
EKQRHLDKKQ RFHNIRGRWT GRCMSCCRSS RTRRETQL 168 [SEQ ID NO: 7] 
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Any nucleiotide sequence encoding this protein can be used in the present vectors. 

Two additional antigens used in the studies described herein, OVA and HA have the 
following coding sequences: 
5 1. Influenza hemagglutinin (HA) [SEQ ID NO: 8] 

atgaaggcaaacctactggtcctgttaagtgcacttgcagctgcagatgcagacacaatatgtataggctaccatgcgaa 
caattcaaccgacactgttgacacagtactcgagaagaatgtgacagtgacacactctgttaacctgctcgaagacagcc 
acaacggaaaactatgtagattaaaaggaatagccccactacaattggggaaatgtaacatcgccggatggctcttggga 
aacccagaatgcgacccactgcttccagtgagatcatggtcctacattgtagaaacaccaaactctgagaatggaatatg 

10 ttatccaggagatttcatcgactatgaggagctgagggagcaattgagctcagtgtcatcattcgaaagattcgaaatat 
ttcccaaagaaagctcatggcccaaccacaacacaaacggagtaacggcagcatgctcccatgaggggaaaagcagtttt 
tacagaaatttgctatggctgacggagaaggagggctcatacccaaagctgaaaaattcttatgtgaacaaaaaagggaa 
agaagtccttgtactgtggggtattcatcacccgcctaacagtaaggaacaacagaatatctatcagaatgaaaatgctt 
atgtctctgtagtgacttcaaattataacaggagatttaccccggaaatagcagaaagacccaaagtaagagatcaagct 

15 gggaggatgaactattactggaccttgctaaaacccggagacacaataatatttgaggcaaatggaaatctaatagcacc 
aatgtatgctttcgcactgagtagaggctttgggtccggcatcatcacctcaaacgcatcaatgcatgagtgtaacacga 
agtgtcaaacacccctgggagctataaacagcagtctcccttaccagaatatacacccagtcacaataggagagtgccca 
aaatacgtcaggagtgccaaattgaggatggttacaggactaaggaacactccgtccattcaatccagaggtctatttgg 
agccattgccggttttattgaagggggatggactggaatgatagatggatggtatggttatcatcatcagaatgaacagg 

20 gatcaggctatgcagcggatcaaaaaagcacacaaaatgccattaacgggattacaaacaaggtgaacactgttatcgag 
aaaatgaacattcaattcacagctgtgggtaaagaattcaacaaattagaaaaaaggatggaaaatttaaataaaaaagt 
tgatgatggatttctggacatttggacatataatgcagaattgttagttctactggaaaatgaaaggactctggatttcc 
atgactcaaatgtgaagaatctgtatgagaaagtaaaaagccaattaaagaataatgccaaagaaatcggaaatggatgt 
tttgagttctaccacaagtgtgacaatgaatgcatggaaagtgtaagaaatgggacttatgattatcccaaatattcaga 

25 agagtcaaagttgaacagggaaaaggtagatggagtgaaattggaatcaatggggatctatcagattctggcgatctact 
caactgtcgccagttcactggtgcttttggtctccctgggggcaatcagtttctggatgtgttctaatggatctttgcag 
tgcagaatatgcatctga 



The amino acid sequence of HA [SEQ ID NO:9] is 

30 

MKANLLVLLS ALAAADADTI CIGYHANNST DTVDTVLEKN VTVTHSVNLL EDSHNGKLCR 
LKGIAPLQLG KCNIAGWLLG NPECDPLLPV RSWSYIVETP NSENGICYPG DFIDYEELRE 
QLSSVSSFER FEIFPKESSW PNHNTNGVTA ACSHEGKSSF YRNLLWLTEK EGSYPKLKNS 
YVNKKGKEVL VLWGIHHPPN SKEQQNIYQN ENAYVSVVTS NYNRRFTPEI AERPKVRDQA 

35 GRMNYYWTLL KPGDTIIFEA NGNLIAPMYA FALSRGFGSG IITSNASMHE CNTKCQTPLG 
AINSSLPYQN IHPVTIGECP KYVRSAKLRM VTGLRNTPSI QSRGLFGAIA GFIEGGWTGM 
IDGWYGYHHQ NEQGSGYAAD QKSTQNAING ITNKVNTVIE KMNIQFTAVG KEFNKLEKRM 
ENLNKKVDDG FLDIWTYNAE LLVLLENERT LDFHDSNVKN LYEKVKSQLK NNAKEIGNGC 
FEFYHKCDNE CMESVRNGTY DYPKYSEESK LNREKVDGVK LESMGIYQIL AIYSTVASSL 

40 VLLVSLGAIS FWMCSNGSLQ CRICI 



2. Ovalbumin (OVA) [SEQ ID NO: 10] 



atgggctccatcggcgcagcaagcatggaattttgttttgatgtattcaaggagctcaaagtccaccatgcca 
45 atgagaacatcttctactgccccattgccatcatgtcagctctagccatggtatacctgggtgcaaaagacag 
caccaggacacagataaataaggttgttcgctttgataaacttccaggattcggagacagtattgaagctcag 
tgtggcacatctgtaaacgttcactcttcacttagagacatcctcaaccaaatcaccaaaccaaatgatgttt 
attcgttcagccttgccagtagactttatgctgaagagagatacccaatcctgccagaatacttgcagtgtgt 
gaaggaactgtatagaggaggcttggaacctatcaactttcaaacagctgcagatcaagccagagagctcatc 
50 aattcctgggtagaaagtcagacaaatggaattatcagaaatgtccttcagccaagctccgtggattctcaaa 
ctgcaatggttctggttaatgccattgtcttcaaaggactgtgggagaaaacatttaaggatgaagacacaca 
agcaatgcctttcagagtgactgagcaagaaagcaaacctgtgcagatgatgtaccagattggtttatttaga 
gtggcatcaatggcttctgagaaaatgaagatcctggagcttccatttgccagtgggacaatgagcatgttgg 
tgctgttgcctgatgaagtctcaggccttgagcagcttgagagtataatcaactttgaaaaactgactgaatg 
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gaccagttctaatgttatggaagagaggaagatcaaagtgtacttacctcgcatgaagatggaggaaaaatac 
aacctcacatctgtcttaatggctatgggcattactgacgtgtttagctcttcagccaatctgtctggcatct 
cctcagcagagagcctgaagatatctcaagctgtccatgcagcacatgcagaaatcaatgaagcaggcagaga 
ggtggtagggtcagcagaggctggagtggatgctgcaagcgtctctgaagaattt 



The amino acid sequence of OVA [SEQ ID NO:l 1] is: 



MGSIGAASME FCFDVFKELK VHHANENIFY CPIAIMSALA MVYLGAKDST RTQINKVVRF 
DKLPGFGDSI EAQCGTSVNV HSSLRDILNQ ITKPNDVYSF SLASRLYAEE RYPILPEYLQ 
CVKELYRGGL EPINFQTAAD QARELINSWV ESQTNGIIRN VLQPSSVDSQ TAMVLVNAIV 
FKGLWEKTFK DEDTQAMPFR VTEQESKPVQ MMYQIGLFRV ASMASEKMKI LELPFASGTM 
SMLVLLPDEV SGLEQLESII NFEKLTEWTS SNVMEERKIK VYLPRMKMEE KYN LTSVLMA 
MGITDVFSSS ANLSGISSAE SLKISQAVHA AHAEINEAGR EVVGSAEAGV DAASVSEEF 



The vectors that include these inserts are: 



(a) pcDNA3-HA [SEQ ID NO: 12] in which the HA sequence is lower case, underscored: 



GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 
CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 
CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTG 

GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 
CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 
ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA 
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACC 
AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 
GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 
GGAGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTCTAGACTCGAGCGGCCGCCACTGTGCTGGATATCTGCAGAATTCC 
ACCACACTGGACTAGTGGATCCatqaaqqcaaacctactq qtcctqtt aaq tqcacttqc aqc tqcaqatqcaqac acaa 
tatqtataqqctaccatqcqaacaattcaaccqacactqttqacacaqtactcqaqaaqaatqtqacaqtqacacactct 
qttaacctqctcqaaqacaqccacaacqqaaaactatqtaqattaaaaqqaataqccccactacaattqqqqaaatqtaa 
catcqccqqatqqctcttqqqaaacccaqaatqcqacccactqcttccaatqaqatcatqqtcctacattqtaqaaacac 
caaactctgagaatggaat^qttatccaqq aqatttcatcq ctcaqtqtca 
tcattcqaaaqattcqaaatatttcccaaaqaaaqctcatqqcccaaccacaacacaaacqqaqtaacqqcaqcatqctc 
ccatqaqqqqaaaaqcaqtttttacaqaaatttqctatqqctqacqqaqaaqqaqqqctcatacccaaaqctqaaaaatt 
cttatqtqaacaaaaaaqqqaaaaaaqtccttqtactqtqqqqtattcatcacccqcctaacaqtaaqqaacaacaqaat 
■at ctatcaq aatqaaaatqc ttatqtctctqtaq tqacttcaaat tataacaq qaqatttaccccqqaaataqcagaaag 
acccaaaqtaaqaqatcaaqctqqqaqqatqaactattartqqacrt^ 

caaatqqaaatctaataqcaccaatqtatactttcacactqaqtaqaqqctttqqqtccqqcatcatcacctcaaacqca 
. tcaatqcatqaqtqtaacacaaaQtqtcaaacacccctqqqaqctataaacaqcaqtctcccttaccaqaatatacaccc 
a^tca caataq qaqagtqcccaaaatacqtcaqqaqtqc c aaattq aqqatqqttacaq qactaagqaacactccq t oca 
ttcaatccaqaqqtctatttqqaqccattqccqqttttMtqaaqqqqqatqqactqqaatqataq'atqqatqqtat'qqt 
tatcatcatcaqaatqaacaqqgatcaqqctatqcaqcqqatcaaaaaaqcacacaaaatqccattaacqqqattacaaa 
caaqqtqaacactqttatcqaqaaaatgaacattcaattcacaqctqtqqqtaaaqaattcaacaaattaaaaaaaaqqa 
tggaaaatt3£a|^ 

aatqaaaqqactctqqatttccatqactcaaatqtqaaqaatctqtatqaqaaaqtaaaaaqccaattaaaqaataatqc 
caaaqaaatcqqaaatqqatattttqaqttctaccacaaqtqtqacaatqaatqcatqqaaaatqtaaqaaatqqqactt 
at qattatcccaaatattcaqaaqaqtcaaaqttqaacaqqqaaaaqqtaqatqqaqtqaaattqqaatcaatqqqqatc 
tajbcagattctggmMa^ 

qtqttctaatqqatctttqcaqtqcaqaatatqcatctqa AAGCTTAAGTTTAAACC^ 

TCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC 
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCA 
AGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGC 
TGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGAC 
CGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCITTCTCGCCACGTTCGCCGGCTTTCCCC 
GTCAAGCTCTAAATCGGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAG 
GGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAG 
TGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCT 

CGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGT 
GTGGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAA 
GTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTC 
CGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAA I I I I I I I I A TTTATGCAGAG 
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GCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCT 

CCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGAT 

TGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGAT 

GCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACT 

GCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAG 

CGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTA 

TCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCG 

CATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGC 

CAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTG 

CCGAAT*ATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGA 

CATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCG 

CCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGA 

C CGAC CAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATC 

GTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTAT 

TG C AG CT TATAATG GTTAC AAATAAAG C AATAG C ATCAC AAATTTCAC AA ATAAAG CATTTTTTTC ACTG C ATT CTAGTT 

GTGGTXTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGG 

TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGC 

CTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCG\GTCGGGAAACCT 

GCCAGCTGC^TTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACT 

GACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATC 



(b) pcDNA3-OVA [SEQ ID NO: 13] in which the OVA sequence is lower case, underscored: 

;i 

GACGGA.TCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 

CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 

CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGA^ 

GATTAT TGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 

CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 

AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 

ATCATA ^TGC CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 

TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATC^ 

TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCC^ 

AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 
GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 
GGAGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTCTAGACTCGAGCGGCCGCCACTGTGCTGGATATCTGCAGAATTCa 
t qqqcticcatcqqcqcaqcaaqcatqqaattttqttttqatqtattcaaqqaqctcaaaqtccaccataccaataaaaac 
a tcttctactqccccattqccatcatqtcaqctctaqccatqqtatacctaaatacaaaaqacaqcaccaqqacacaaat 
aai£agLflgttqttcqctttq_ataaacttccaqqattcqqaQac 

actctucacttaqaqacatcctcaaccaaatcaccaaaccaaatqatqtttattcqttcaqccttqccaqtaqactttat 
qctqaaqaqaqatacccaatcctqccaqaatacttqcaqtqtqtqaaqqaactqtataqaqqaqqcttqqaacctatcaa 
ctttcaaacaqctqcaqatcaaqccaqaaaqctcatcaattcctqqqtaqaaaqtcaqacaaatqqaattatcaqaaatq 
tccttc^gaaag£££^^ 

acatttaaqqatqaaqacacacaaqcaatqcctttcaaaatqactqaqcaaqaaaacaaacctatacaqatqatatacca 
qattqq-tttatttaqaqtqqcatcaatqqcttctqaqaaaatqaaqatcctqqaqcttccatttqccaqtqqqacaatqa 
qcatqtz-tqqtqctqttqcctqatqaaqtctcaqqccttqaqcaqcttqaqaqtataatcaactttqaaaaactqactqaa 
tggaficaflttctaatqttat^ cqcat gaaqatqgaqgaaaaatacaacct 
. cacatctrqtcttaatqqctatqqqcattactqacqtqtttaqctcttcaqccaatctqtctqqcatctcctcaqcaqaaa 
qcctqaaqatatctcaaqctqtccatqcaqcacatqcaqaaatcaatqaaqcaqqcaqaqaqqtqqtaqqqtcaqcaqaq 
qctqqaqtqqatqctqcaaqcqtctctqaaqaattt GGATCCGAGCTCGGTArrAAGrTTAAfiTTTAAArrfirTfiATrAG 
CCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACT 
CCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGT 
GGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGG 
CGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTT 
ACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTC 

CGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCA 
^^^^^"Z!Z[^ V ^^~''"^ < ^ ^ GTG ATG GTT C ACGT AGTG G G CCATCG CCCTG ATAG ACGGTTTTTCG CC CTTTG ACGTTGG AGTCC 
ACGTTCTHTAATAGTGGACTCTTGTTCCAAACTGGAA 

GAi | | I GGGGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGC 

GTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCA 
ACCAGGnTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGT 
CCCGCCCCTAACTCCGCCCATCCCGCCCC^^ 

TTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGG C I I I I I I GGAGGCCTAGGC 

TTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTT^ 

TGAACA^GATGGATrGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAA 

TCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGT 

GCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGA 

CGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTC 

CTGCCGAGAAiAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCAC 

CAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCA 
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TCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATG 
GCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCG 
G ACCG CTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGT 
GCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCT 
5 GGGGTTCGAAATGAC CGAC CAAGCGACGCCCAACCTGCC^TCACGAGATTTCGATTCCACCGCCGCCTTCTATC 

TGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCAC 
CCCAACTTGTTTATTG CAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGC A I M I MI C 
ACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCT 
TGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGC 

10 ATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTC 
GGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG 
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGG 
TTATCCACAGAAT CAGGG GATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGC 
CGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA 

15 ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTT 
ACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC7\ATGCTCACGCTGTAGGTATCTCAGTTCGGT 
GTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATC 
GTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTAT 
GTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCT 

20 GCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATC 

TTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG 
CAGTGGAAC GAAAA CTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTT 
AAAATGAAG I I I I AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCAC 
CTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGC 

25 TTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCC 
AGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTA 
GAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTT 
GGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAG 
CTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATT 

30 CTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATG 
CGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT 
TGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCAC 
CCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGT^ 

GGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATC 
35 TCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGC 
CACCTGACGTC 
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40 

The coding sequence for BCL-xL [SEQ ID NO: 14] as present in the pcDNA3 vector of the 
present invention is: 

atggcgtacccatacgatgttccagattacgctagcttgagatctaccatgtctcagagcaaccgggagctgg 
tggttgactttctctcctacaagctttcccagaaaggatacagctggagtcagtttagtgatgtggaagagaa 

45 caggactgaggccccagaagggactgaatcggagatggagacccccagtgccatcaatggcaacccatcctgg 
cacctggcagacagccccgcggtgaatggagccactgcgcacagcagcagtttggatgcccgggaggtgatcc 
ccatggcagcagtaaagcaagcgctgagggaggcaggcgacgagtttgaactgcggtaccggcgggcattcag 
tgacctgacatcccagctccacatcaccccagggacagcatatcagagctttgaacaggtagtgaatgaactc 
ttccgggatggggtaaactggggtcgcattgtggcctttttctccttcggcggggcactgtgcgtggaaagcg 

50 tagacaaggagatgcaggtattggtgagtcggatcgcagcttggatggccacttacctgaatgaccacctaga 
gccttggatccaggagaacggcggctgggatacttttgtggaactctatgggaacaatgcagcagccgagagc 
cgaaagggccaggaacgcttcaaccgctggttcctgacgggcatgactgtggccggcgtggttctgctgggct 
cactcttcagtcggaaatga 



55 The amino acid sequence of BCL-xL is [SEQ ID NO: 15]: 

MAYPYDVPDY ASLRSTMSQS NRELVVDFLS YKLSQKGYSW SQFSDVEENR TEAPEGTESE 

METPSAINGN PSWHLADSPA VNGATAHSSS LDAREVIPMA AVKQALREAG DEFELRYRRA 

FSDLTSQLHI TPGTAYQSFE QVVNELFRDG VNWGRIVAFF SFGGALCVES VDKEMQVLVS 

60 RIAAWMATYL NDHLEPWIQE NGGWDTFVEL YGNNAAAESR KGQERFNRWF LTGMTVAGVV 
LLGSLFSRK 
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The sequence pcDNA3-BCL-xL [SEQ ID NO: 16] is shown below (the BCL-xL coding 
sequence is lower case and underscored 



GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 
CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 
5 CAATTGCAXGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATT 
GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 
CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 
ATCATA TGC CAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCO^GTACATGACCTTA 

10 TGGGACTTXCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA 
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACC 
AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 
GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 
GGAGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTCTAGACTCGAGCGGCCGCCACTGTGCTGGATATCTGCAGAATTCC 

1 5 ACCACACTGGACTAGTGGATC Tatqqcqtacccatacqatqttccaqattacactaqcttqaqatctaccatqtctcaqa 
qcaaccqq gagc^tqqttga^ 

qaaqaqaacaqqactqaqqccccaqaaqqqactqaatcqqaqatqqaqacccccaqtqccatcaatqqcaacccatcctq 
qcacctqqcaqacaqccccqcqqtqaatqqaqccactqcqcacaqcaqcaqtttqqatqcccqqaaaatqatccccatqq 
caqcaqtaaaqcaaqcqctqaqqqaqqcaqqcqacqaqtttqaactqcqqtaccqqcqqqcattcaqtqacctaacatcc 

20 ■Caqctc cacatcacccca qqqacaqcatatcaqaqctttqaacaq qtaqtqaatqaactcttccQqaa tq qqqtaaact q 
qqqtcqcat:1:qtqqcctttttctccttcqqcqqqqcactqtqcqtqqaaaqcqtaqacaaqqaqatqcaqqta ttqqtqa 
qtcqqatCQcaqcttqqatqqccacttacctqaatqaccacctaqaqccttqqatccaqqaqaacqqcqqctqqqatact 
tttqtqqaactctatqqqaacaatqcaqcaqccqaqaqccqaaaqqqccaqqaacqcttcaaccqctqqttcctqacqqq 
catqactqtzqqccqqcq t qq ttctq ctqqqctcactcttcaqtcggaaam^GATCCGAGCTCGGTACCAAGCTTAAGT 

25 TTAAACCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCT 

CCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTA 
TTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGC 
TCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGC 
G GCGG GTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTT 

30 CCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGCATCCCTTTAGGGTTCCGATT^ 

CGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCC 
TTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTA^ 
CTTTTG ATTTATAAG G G A Mil GG G G ATTTCG G CCTATTG GTTAAAAAATG AG CTG ATTTAAC AAAAATTTAACG CGAAT 
TAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCA 

35 TCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATT 
AGTCAGCAAC CATAGTCC CGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCAT 
GGCT GACTAA I I I I I I ITAT TTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTT 
TTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAG 
GATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGAC 

40 TGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAA 
GACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTT 
GCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTG 
TCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTAC 
CTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATG 

45 ATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGAT 
CTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGG 
CCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGG 
CTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTC 
TTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCC 

50 GCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCT 
GGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATA^ 

ATAAAGCA I I II II i CACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCG 
ACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAA 
CATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCAC 

55 TGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGT 
ATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTC 
AAAGGCGGTAATACGGTTATCCACAGAAT CAGG GGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCA 
GGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCA 
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGT 

60 TCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTA 
GGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCC 
TTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT 
TAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTAT 
TTGGTATCTGC GCTCTGC TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCT 

65 G GTAG CGGTGGTTTTTTTGTTTGC AAGCAG C AG ATTACGCG CAG AAAAAAAGG ATCTCAAG AAG ATCCTTTG ATCTTTTC 

TACGGG GTCT GACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCT 
AGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA 

TTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAAC 
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TACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTAT 
CAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAAT 
TGTTGCCGGGAAG CTA GAGTAAGTAGTTCGCCAGTTAATAGTTTGCGG 

GTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT 
5 GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGG^ 

GCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGC till CTGTGACTGGTGAGTACTCAACCAAGTCATT 
CTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTG^ATACGGGATAATACCGCGCCACATAGCAGAACTT 
TAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATG 
TAACCCACTCGTGCACCCAACTGATCTTCAGCATC till ACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCA 
10 AAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTG 
TTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTC 
TTTCCCCGAAAAGTGCCACCTGACGTC 

A pcDNA3 vector combinding E7 and BCL-xL, designated pcDNA3 -E7/BCL-xL (SEQ ID 
15 NO: 17) is shown below with E7 sequence is lower case, not underscored; and BCL-xL is lower case 
and undesrscored 

GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 
CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 
CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCT 

20 GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 
CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 
ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA 

25 TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACC 
AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 
GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 
GGAGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTCTAGACTCGAGCGGCCGCCACTGTGCTGGATATCTGCAGAATTCa 
tgcatggagatacacctacattgcatgaatatatgttagatttgcaaccagagacaactgatctctactgttatgagcaa 

30 ttaaatgacagctcagaggaggaggatgaaatagatggtccagctggacaagcagaaccggacagagcccattacaatat 
tgtaaccttttgttgcaagtgtgactctacgcttcggttgtgcgtacaaagcacacacgtagacattcgtactttggaag 
acctgtuaatgggcacactaggaattgtqtgccccatctgttctcaqaaaccaGGATC Tatqqcqtacccatacgatqtt 
ccaqattacqctaqcttqaqatctaccatqtctcaqaqcaaccqqqaqctqqtqqttqactttctctcctacaaqctttc 
ccaqaaaqqatacaqctqqaqtcaqtttaqtqatqtqqaaqaqaacaqqactqaqqccccaqaaqqqac tqaatcqqaqa 

3 5 tqqaqacccccaqtqccatcaatqqcaacccatcctqqcacctqqcaq a caqccccqcqqt q aatqqaqccactqcqcac 
aqcaqcaqtttqqatqcccqqqaqqtqatccccatqqcaqcaqtaaaqc'aaqcqctqaqqqaqqcaqqcqacqaqtttqa 
actqcqQtaccqqcqqqcattcaqtqacctqacatcccaqctccacatcaccccaqqqacaqcatatcaqaqctttqaac 
aqqtaq-tqaatqaactcttccqaaatqqqqtaaactqqqqtcqcattatqqcctttttctccttcqqcqqqqcactqtqc 
qtqqaaaqcqtaqacaaqqaqatqcaqqtattqqtqaqtcq qatcqca qcttqqatqqccacttacctgaatqaccacct 

40 aqaqcctitqqatccaqqaqaacqqcqqctqqqatacttttqtqqaactctatqqqaacaatqcaqcaqcc'qaqaqccqaa 
aqqqccaqqaacqcttcaaccqctqqttcctqacqqqcatqactqtqqccqqcqtqqttctqctqqqctcactcttcaqt 
Cg^aaa^gaAGATCCAAGCTTAAGTTTAAACCGCTGATCAGCCT^ 

GCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCG 
CATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAG 
45 CAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACG 
CGCCCTGT AGC GGC GCA TTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCG 
CCCGCTCCTTTCG CTT TCTTC CCT TCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGCATCCC 
TTTAGGGTTCCGATT TAGTG CTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATG 

CGCCCTGATAGACGG I I I I I CGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACA 

5 ^ A CACT CAACCCT ATCT CGGTCTATTCTTTTGATTTATAAGGGATTTTGGGGATTTCGGCCTATTG 

GATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGG 
CAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGA 
AGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCC 
CAGTTCCGCCCATTCTCCGCCCC ATGGC TGACTAA 1 I I I I 1 1 I ATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGC 

55 TATTCCAGAAGTAGTGAGGAGGC I I I I I I GGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTC 

GGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTG 
GGTGGAGAGGCTATT CGGCT ATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGC 
AGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCG 
TGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGG 

60 CGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGC 
GGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATG 
GAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCZATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAA 
G GCGCG CATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCC 
GCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATT 

65 GCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC 
CTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCC 
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ATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGA 
TCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACC^ 

AG C AAT AG C ATCACAAATTTC AC AAATAAAG CA I I I I I I I C ACTG C ATTCTAGTTGTGGTTTGTCCAAACTCATCAATGT 

ATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATT 

GTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAA 

CTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCG^ 

ACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGC 

TGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATG 

TGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGA 

CGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTG 

GAAG CTC CCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTG 

GCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACC 

CCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC 

TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAAC 

TACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTC 

TTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG I I 1 I I I I GTTTG C AAGC AG C AG ATTACG C G CAG AAAAAAAG GAT 

CTCAAGAAGATCCTTTGATCTTTTCTACGGG GTCT GACGCTCAGTGGAACGA 

AGATTATCAAAAAGGATCTTCACCTAGATCC I I I t AAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTA 
AACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTG 
CCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGAC 
CCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTT 
ATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTG 
TTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGG 
CGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGC 
CGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGA 
CTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGAT 
AATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTT 
ACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTT 
CTGG GTGAG CAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTC 
TTCC I I 1 I I C AATATTATTG AAG C ATTTATCAG G GTTATTGTCTC ATG AG CG G ATACATATTTG AATGTATTTAG AAAAA 
TAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC 



The amino acid sequence of the E7-BCL-xL chimeric or fusion polypeptide [SEQ ID NO:8] is: 

MHGDTPTLHE YMLDLQPETT DLYCYEQLND SSEEEDEIDG PAGQAEPDRA HYNIVTFCCK 
CDSTLRLCVQ STHVDIRTLE DLLMGTLGIV CPICSQKPGS MAYPYDVPDY ASLRSTMSQS 
NRELVVDFLS YKLSQKGYSW SQFSDVEENR TEAPEGTESE METPSAINGN PSWHLADSPA 
VNGATAHSSS LDAREVIPMA AVKQALREAG DEFELRYRRA FSDLTSQLHI TPGTAYQSFE 
QVVNELFRDG VNWGRIVAFF SFGGALCVES VDKEMQVLVS RIAAWMATYL NDHLEPWIQE 
NGGWDTFVEL YGNNAAAESR KGQERFNRWF LTGMTVAGVV LLGSLFSRK 



The mutant BCL-xL ("mtBCL-xL") DNA sequence is shown below [SEQ ID NO: 19] 

atggcgtacccatacgatgttccagattacgctagcttgagatctaccatgtctcagagcaaccgggagctggtggttga 
ctttctctcctacaagctttcccagaaaggatacagctggagtcagtttagtgatgtggaagagaacaggactgaggccc 
cagaagggactgaatcggagatggagacccccagtgccatcaatggcaacccatcctggcacctggcagacagccccgcg 
gtgaatggagccactgcgcacagcagcagtttggatgcccgggaggtgatccccatggcagcagtaaagcaagcgctgag 
ggaggcaggcgacgagtttgaactgcggtaccggcgggcattcagtgacctgacatcccagctccacatcaccccaggga 
cagcatatcagagctttgaacaggtagtgaatgaactcttccgggatggggtagccattcttcgcattgtggcctttttc 
tccttcggcggggcactgtgcgtggaaagcgtagacaaggagatgcaggtattggtgagtcggatcgcagcttggatggc 
cacttacctgaatgaccacctagagccttggatccaggagaacggcggctgggatacttttgtggaactctatgggaaca 
atgcagcagccgagagccgaaagggccaggaacgcttcaaccgctggttcctgacgggcatgactgtggccggcgtggtt 
ctgctgggctcactcttcagtcggaaatga 



The amino acid sequence of MtBCL-xL [SEQ ID NO:20] is: 

MAYPYDVPDY ASLRSTMSQS NRELVVDFLS YKLSQKGYSW SQFSDVEENR TEAPEGTESE 
METPSAINGN PSWHLADSPA VNGATAHSSS LDAREVIPMA AVKQALREAG DEFELRYRRA 
FSDLTSQLHI TPGTAYQSFE QVVNELFRDG VAILRIVAFF SFGGALCVES VDKEMQVLVS 
RIAAWMATYL NDHLEPWIQE NGGWDTFVEL YGNNAAAESR KGQERFNRWF LTGMTVAGVV 
LLGSLFSRK 
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The amino acid sequence of the E7-mtBCL-xL chimeric or fusion polypeptide [SEQ ID 
NO:21] is: 

MHGDTPTLHE YMLDLQPETT DLYCYEQLND SSEEEDEIDG PAGQAEPDRA HYNIVTFCCK 
CDSTLRLCVQ STHVDIRTLE DLLMGTLGIV CPICSQKPGS MAYPYDVPDY ASLRSTMSQS 
5 NRELVVDFLS YKLSQKGYSW SQFSDVEENR TEAPEGTESE METPSAINGN PSWHLADSPA 
VNGATAHSSS LDAREVIPMA AVKQALREAG DEFELRYRRA FSDLTSQLHI TPGTAYQSFE 
QVVNELFRDG VAILRIVAFF SFGGALCVES VDKEMQVLVS RIAAWMATYL NDHLEPWIQE 
NGGWDTFVEL YGNNAAAESR KGQERFNRWF LTGMTVAGVV LLGSLFSRK 

In the pcDNA- mtBCL-xL [SEQ ID NO:22] vector, this mutant sequence is inserted in the 
1 0 same position that BCL-xL is inserted in SEQ ID NO: 1 6 and in the pcDNA-E7/mtBCL-XL [SEQ 
ID NO:23] , this sequence is inserted in the same position as the BCL-xL sequence is in SEQ ID 
NO: 17, above. 

The sequence of the suicidal DNA vector pSCAl- BCL-xL [SEQ ID NO:24] is shown 
below, with the BCL-xL in lower case and underscored: 

15 

ATGGCGGATGTGTGACATACACGACGCCAAAAGATTTTGTTCCAGCTCCTGCCACCTCCGCTACGCGAGAGATTAACCAC 
CCACGATGGCCGCCAAAGTGCATGTTGATATTGAGGCTGACAGCCCATTCATCAAGTCTTTGCAGAAGGCATTTCCGTCG 
TTCGAGGTGGAGTCATnTGCAGGTCACACCAAATGACCATGCAAATGCCAGAGCATTTTCGCACCTGGCTACCAAATTGAT 
CGAGCAGGAGACTGACAAAGACACACTCATCTTGGATATCGGCAGTGCGCCTTCCAGGAGAATGATGTCTACGCACAAAT 

20 ACCACTGCGTATGCCCTATGCGCAGCGCAGAAGACCCCGAAAGGCTCGATAGCTACGCAAAGAAACTGGCAGCGGCCTCC 
GGGAAGGTGCTGGATAGAGAGATCGCAGGAAAAATCACCGACCTGCAGACCGTCATGGCTACGCCAGACGCTGAATCTCC 
TACCTTTTGCCTGCATACAGACGTCACGTGTCGTACGGCAGCCGAAGTGGCCGTATACCAGGACGTGTATGCTGTACATG 
CACCAACATCGCTGTACCATCAGGCGATGAAAGGTGTCAGAACGGCGTATTGGATTGGGTTTGACACCACCCCGTTTATG 

_ _ TTTGACGCGCTAGCAGGCGCGTATCCAACCTACGCCACAAACTGGGCCGACGAGCAGGTGTTACAGGCCAGGAACATAGG 

25 ACTGTGTGCAGCATCCTTGACTGAGGG.AAGACTCGGCAAACTGTCCATTCTCCGCAAGAAGCAATTGAAACCTTGCGACA 
CAGTCATGTTCTCGGTAGGATCTACATTGTACACTGAGAGCAGAAAGCTACTGAGGAGCTGGCACTTACCCTCCGTATTC 
CACCTGAAAGGTAAACAATCCTTTACCTGTAGGTGCGATACCATCGTATCATGTGAAGGGTACGTAGTTAAGAAAATCAC 
TATGTGCCCCGGCCTGTACGGTAAAACGGTAGGGTACGCCGTGACGTATCACGCGGAGGGATTCCTAGTGTGCAAGACCA 
CAGACACTGTCAAAGGAGAAAGAGTCTCATTCCCTGTATGCACCTACGTCCCCTCAACCATCTGTGATCAAATGACTGGC 

30 ATACTAGCGACCGACGTCACACCGGAGGACGCACAGAAGTTGTTAGTGGGATTGAATCAGAGGATAGTTGTGAACGGAAG 
AACACAGCGAAACACTAACACGATGAAGAACTATCTGCTTCCGATTGTGGCCGTCGCATTTAGCAAGTGGGCGAGGGAAT 
ACAAGGCAGACCTTGATGATGAAAAACCTCTGGGTGTCCGAGAGAGGTCACTTACTTGCTGCTGCTTGTGGGCATTTAAA 
ACGAGGAAGATGCACACCATGTACAAGAAACCAGACACCCAGACAATAGTGAAGGTGCCTTCAGAGTTTAACTCGTTCGT 

. CATCCCGAGCCTATGGTCTACAGGCCTCGCAATCCCAGTCAGATCACGCATTAAGATGCTTTTGGCCAAGAAGACCAAGC 

35 GAGAGTTAATACCTGTTCTCGACGCGTCGTCAGCCAGGGATGCTGAACAAGAGGAGAAGGAGAGGTTGGAGGCCGAGCTG 
ACTAGAGAAGCCTTACCACCCCTCGTCCCCATCGCGCCGGCGGAGACGGGAGTCGTCGACGTCGACGTTGAAGAACTAGA 
GTATCACGCAGGTGCAGGGGTCGTGGAAACACCTCGCAGCGCGTTGAAAGTCACCGCACAGCCGAACGACGTACTACTAG 
GAAATTACGTAGTTCTGXCCCCGCAGACCGTGCTCAAGAGCTCCAAGTTGGCCCCCGTGCACCCTCTAGCAGAGCAGGTG 
AAAATAATAACACATAACGGGAGGGCCGGCGGTTACCAGGTCGACGGATATGACGGCAGGGTCCTACTACCATGTGGATC 

40 GGCCATTCCGGTCCCTGAGTTTCAAGCTTTGAGCGAGAGCGCCACTATGGTGTACAACGAAAGGGAGTTCGTCAACAGGA 
AACTATACCATATTGCCGTTCACGGACCGTCGCTGAACACCGACGAGGAGAACTACGAGAAAGTCAGAGCTGAAAGAACT 
GACGCCGAGTACGTGTTCGACGTAGATAAAAAATGCTGCGTCAAGAGAGAGGAAGCGTCGGGTTTGGTGTTGGTGGGAGA 
GCTAACCAACCCCCCGTTCCATGAATTCGCCTACGAAGGGCTGAAGATCAGGCCGTCGGCACCATATAAGACTACAGTAG 
TAGGAGTCTTTGGGGTTCCGGGATCAGGCAAGTCTGCTATTATTAAGAGCCTCGTGACCAAACACGATCTGGTCACCAGC 

45 GGCAAGAAGGAGAACTGCCAGGAAATAGTTAACGACGTGAAGAAGCACCGCGGGAAGGGGACAAGTAGGGAAAACAGTGA 
CTCO^TCCTGCTAAACGGGTGTCGTCGTGCCGTGGACATCCTATATGTGGACGAGGCTTTCGCTAGCCATTCCGGTACTC 
TGCTGGCCCTAATTGCTCTTGTTAAACCTCGGAGCAAAGTGGTGTTATGCGGAGACCCCAAGC^TGCGGATTCTTCAAT 
ATGATGCAGCTTAAGGTGAACTTCAACCACAACATCTGCACTGAAGTATGTCATAAAAGTATATCCAGACGTTGCACGCG 
TCCAGTCACGGCCATCGXGTCTACGTTGCACTACGGAGGCAAGATGCGCACGACCAACCCGTGCAACAAACCCATAATCA 

50 TAGACACCACAGGACAGACCAAGCCCAAGCCAGGAGACATCGTGTTAACATGCTTCCGAGGCTGGGCAAAGCAGCTGCAG 
TTGGACTACCGTGGACACGAAGTCATGACAGCAGCAGCATCTCAGGGCCTCACCCGCAAAGGGGTATACGCCGTAAGGCA 
GAAGGTGAATGAAAATCCCTTGTATGCCCCTGCGTCGGAGCACGTGAATGTACTGCTGACGCGCACTGAGGATAGGCTGG 
TGTGGAAAACGCTGGCCGGCGATCCCTGGATTAAGGTCCTATCAAACATTCCACAGGGTAACTTTACGGCCACATTGGAA 
GAATGGCAAGAAGAACACGACAAAATAATGAAGGTGATTGAAGGACCGGCTGCGCCTGTGGACGCGTTCCAGAACAAAGC 

55 GAACGTGTGTTGGGCGAAAAGCCTGGTGCCTGTCCTGGACACTGCCGGAATCAGATTGACAGCAGAGGAGTGGAGCACCA 
TAATTACAGCATTTAAGGAGGACAGAGCTTACTCTCCAGTGGTGGCCTTGAATGAAATTTGCACCAAGTACTATGGAGT^ 
GACCTGGACAGTGGCCTGTTTTCTGCCCCGAAGGTGTCCCTGTATTACGAGAACAACCACTGGGATAACAGACCTGGTGG 
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AAGGATGTATGGATTCAATGCCGCAACAGCTGCCAGGCTGGAAGCTAGACATACCTTCCTGAAGGGGCAGTGGCATACGG 
GCAAGCAGGCAGTTATCGCAGAAAGAAAAATCCAACCGCTTTCTGTGCTGGACAATGTAATTCCTATCAACCGCAGGCTG 
CCGCACGCCCTGGTGGCTGAGTACAAGACGGTTAAAGGCAGTAGGGTTGAGTGGCTGGTCAATAAAGTAAGAGGGTACCA 
CGTCCTGCTGGTGAGTGAGTACAACCTGGCTTTGCCTCGACGCAGGGTCACTTGGTTGTCACCGCTGAATGTCACAGGCG 
5 CCGATAGGTGCTACGACCTAAGTTTAGGACTGCCGGCTGACGCCGGCAGGTTCGACTTGGTCTTTGTGAACATTCACACG 
GAATTCAGAATCCACCACTACCAGCAGTGTGTCGACCACGCCATGAAGCTGCAGATGCTTGGGGGAGATGCGCTACGACT 
GCTAAAACCCGGCGGCATCTTGATGAGAGCTTACGGATACGCCGATAAAATCAGCGAAGCCGTTGTTTCCTCCTTAAGCA 
GAAAGTTCTCGTCTGCAAGAGTGTTGCGCCCGGATTGTGTCACCAGCAATACAGAAGTGTTCTTGCTGTTCTCCAACT^ 
GACAACGGAAAGAGACCCTCTACGCTACACCAGATGAATACCAAGCTGAGTGCCGTGTATGCCGGAGAAGCCATGCACAC 
10 GGCCGGGTGTGCACCATCCTACAGAGTTAAGAGAGCAGACATAGCCACGTGCACAGAAGCGGCTGTGGTTAACGCAGCTA 
ACGCCCGTGGAACTGTAGGGGATGGCGTATGCAGGGCCGTGGCGAAGAAATGGCCGTCAGCCTTTAAGGGAGCAGCAACA 
CCAGTGGGCACAATTAAAACAGTCATGTGCGGCTCGTACCCCGTCATCCACGCTGTAGCGCCTAATTTCTCTGCCACGAC 
TGAAGCGGAAGGGGACCGCGAATTGGCCGCTGTCTACCGGGCAGTGGCCGCCGAAGTAAACAGACTGTCACTGAGCAGCG 
TAGCCATCCCGCTGCTGTCCAC^GGAGTGTTCAGCGGCGGAAGAGATAGGCTGCAGCAATCCCTG^ACCATCTATTCACA 
15 GCAATGGACGCCACGGACGCTGACGTGACCATCTACTGCAGAGACAAAAGTTGGGAGAAGAAAATCCAGGAAGCCATTGA 
CATGAGGACGGCTGTGGAGTTGCTCAATGATGACGTGGAGCTGACCACAGACTTGGTGAGAGTGCACCCGGACAGCAGCC 
TGGTGGGTCGTAAGGGCTACAGTACCACTGACGGGTCGCTGTACTCGTACTTTGAAGGTACGAAATTCAACCAGGCTGCT 
ATTGATATGGCAGAGATACTGACGTTGTGGCCCAGACTGCAAGAGGCAAACGAACAGATATGCCTATACGCGCTGGGCGA 
AACAATGGACAACATCAGATCCAAATGTCCGGTGAACGATTCCGATTCATCAACACCTCCCAGGACAGTGCCCTGCCTGT 

20 GCCGCTACGCAATGACAGCAGAACGGATCGCCCGCCTTAGGTCACACCAAGTTAAAAGCATGGTGGTTTGCTCATCTTTT 
CCCCTCCCGAAATACCATGTAGATGGGGTGCAGAAGGTAAAGTGCGAGAAGGTTCTCCTGTTCGACCCGACGGTACCTTC 
AGTGGTTAGTCCGCGGAAGTATGCCGCATCTACGACGGACCACTCAGATCGGTCGTTACGAGGGTTTGACTTGGACTGGA 
CCACCGACTCGTCTTCC^CTGCCAGCGATACCATGTCGCTACCCAGTTTGCAGTCGTGTGACATCGACTCGATCTACGAG 
CCAATGGCTCCCATAGTAGTGACGGCTGACGTACACCCTGAACCCGCAGGCATCGCGGACCTGGCGGCAGATGTGCACCC 

25 TGAACCCGCAGACCATGTGGACCTCGAGAACCCGATTCCTCCACCGCGCCCGAAGAGAGCTGCATACCTTGCCTCCCGCG 
CGGCGGAGCGACCGGTGCCGGCGCCGAGAAAGCCGACGCCTGCCCCAAGGACTGCGTTTAGGAACAAGCTGCCTTTGACG 
TTCGGCGACTTTGACGAGCACGAGGTCGATGCGTTGGCCTCCGGGATTACTTTCGGAGACTTCGACGACGTCCTGCGACT 
AGGCCGCGCGGGTGCATATATTTTCTCCTCGGACACTGGCAGCGGACATTTACAACAAAAATCCGTTAGGCAGCACAATC 
TCCAGTGCGCACAACTGGATGCGGTCCAGGAGGAGAAAATGTACCCGCCAAAATTGGATACTGAGAGGGAGAAGCTGTTG 

30 CTGCTGAAAATGCAGATGCACCCATCGGAGGCTAATAAGAGTCGATACCAGTCTCGCAAAGTGGAGAACATGAAAGCCAC 
GGTGGTGGACAGGCTCACATCGGGGGCCAGATTGTACACGGGAGCGGACGTAGGCCGCATACCAACATACGCGGTTCGGT 
ACCCCCGCCCCGTGTACTCCCCTACCGTGATCGAAAGATTCTCAAGCCCCGATGTAGCAATCGCAGCGTGCAACGAATAC 
CTATCCAGAAATTACCCAACAGTGGCGTCGTACCAGATAACAGATGAATACGACGCATACTTGGACATGGTTGACGGGTC 
GGATAGTTGCTTGGACAGAGCGACATTCTGCCCGGCGAAGCTCCGGTGCTACCCGAAACATCATGCGTACCACCAGCCGA 

35 CTGTACGCAGTGCCGTCCCGTCACCCTTTCAGAACACACTACAGAACGTGCTAGCGGCCGCCACCAAGAGAAACTGCAAC 
GTCACGCAAATGCGAGAACTACCCACCATGGACTCGGCAGTGTTCAACGTGGAGTGCTTCAAGCGCTATGCCTGCTCCGG 
AGAATATTGGGAAGAATATGCTAAACAACCTATCCGGATAACCACTGAGAACATCACTACCTATGTGACCAAATTGAAAG 
GCCCGAAAGCTGCTGCCTTGTTCGCTAAGACCCACAACTTGGTTCCGCTGCAGGAGGTTCCCATGGACAGATTCACGGTC 
GACATGAAACGAGATGTCAAAGTCACTCCAGGGACGAAACACACAGAGGAAAGACCCAAAGTCCAGGTAATTCAAGCAGC 

40 GGAG CCATTGG CG A CCGCTTACCTGTG CGGCATCCACAGGGAATTAGTAAGGAGACTAAATGCTGTGTTACGCCCTAACG 

TGCACACATTGTTTGATATGTCGGCCGAAGACTTTGACGCGATCATCGCCTCTCACTTCCACCCAGGAGACCCGGTTCTA 
GAGACGGACATTGCATCATTCGACAAAAGCCAGGACGACTCCTTGGCTCTTACAGGTTTAATGATCCTCGAAGATCTAGG 
GGTGGATCAGTACCTGCTGGACTTGATCGAGGCAGCCTTTGGGGAAATATCCAGCTGTCACCTACCAACTGGCACGCGCT 
TCAAGTTCGGAGCTATGATGAAATCGGGCATGTTTCTGACTTTGTTTATTAACACTGTTTTGAACATCACCATAGCAAGC 

45 AGGGTACTGGAGCAGAGACTCACTGACTCCGCCTGTGCGGCCTTCATCGGCGACGAO\ACATCGTTCACGGAGTGATCTC 
CGACAAGCTGATGGCGGAGAGGTGCGCGTCGTGGGTCAACATGGAGGTGAAGATCATTGACGCTGTCATGGGCGAAAAAC 
CCCCATAl l l l I GTGGGGGATTCATAGTTTTTGACAGCGTCACACAGACCGCCTGCCGTGTTTCAGACCCACTTAAGCGC 
CTGTTCAAGTTGGGTAAGCCGCTAACAGCTGAAGACAAGCAGGACGAAGACAGGCGACGAGCACTGAGTGACGAGGTTAG 
CAAGTGGTTCCGGACAGGCTTGGGGGCCGAACTGGAGGTGGCACTAACATCTAGGTATGAGGTAGAGGGCTGCAAAAGTA 

50 TCCTCATAGCCATGGCCACCTTGGCGAGGGACATTAAGGCGTTTAAGAAATTGAGAGGACCTGTTATACACCTCTACGGC 
GGTCCTAGATTGGTGCGTTAATACACAGAATTCTGATTGGATCCCAAACGGGCCCTCTAGACTCGAGCGGCCGCCACTGT 
GCTGGATATCTGCAGAATTCCACCACACTGGACTAGTGGATC Tatqqcqtacccatacqatqttccaqattacqctaqct 
tqaqatctaccatqtctcaqaqcaaccqqqaactqqtqqttqactttctctcctacaaqctttcccaqaaaqqatacaqc 
tqqaqtcaqt-ttaqtqatqtqqaaqaqaacaaqactqaqqccccaqaaqqqactqaatcqqaqatqqaqacccccaqtqc 

5 5 catcaatq qcaacccatcctqqcacctqqcaqacaqccccqcqqtqaatq qaqccact qcq c acaqcaq caq tttq qatq 
cccqqqaq qtqatccccatqqcaqcaqtaaaqcaaqcqc'tqaqqqaqqcaqqcqacqaqtttqaactacqqtaccqqcqq 
qcattcaqtqacctqacatcccaqctccacatcaccccaqqqacaqcatatcaqaqctttqaacaaataqtqaatqaact 
cttccqqqatqqqqtaaactqqqatcacattqtqqcctttttctccttcqqcqqqqcactqtqcqtqqaaagcqtaqaca 
aqqaqatqcaqqtattqqtqaqtc qqatcqcaqcttqqatqqccacttacctqaatqaccacctaqaqccttq qatccaq 

oO qaqaacqqcqqctqqqatacttttqtqqaactctatqqqaacaatqcaqcaqccqaqaqccqaaaqqqccaqqaacqctt 
caaccqctqqUtcctqacqqqcatqactqtqqccqqcqtqqttctqctqqqctcactcttcaatcqgaaataaA GATCCG 
AGCTCGGTACCAAGCTTAAGTTTGGGTAATTAATTGAATTACATCCCTACGCAAACGTTTTACGGCCGCCGGTGGCGCCC 
GCGCCCGGCGGCCCGTCCTTGGCCGTTGCAGGCCACTCCGGTGGCTCCCGTCGTCCCCGACTTCCAGGCCCAGCAGATGC 
AGCAACTCATCAGCGCCGTAAATGCGCTGACAATGAGACAGAACGCAATTGCTCCTGCTAGGCCTCCCAAACCAAAGAAG 

65 AAGAAGACAACCAAACCAAAGCCGAAAACGCAGCCCAAGAAGATCAACGGAAAAACGCAGCAGCAAAAGAAGAAAGACAA 
GCAAGCCGACAAGAAGAAGAAGAAACCCGGAAAAAGAGAAAGAATGTGCATGAAGATTGAAAATGACTGTATCTTCGTAT 
GCGGCTAGCCACAGTAACGTAGTGTTTCCAGACATGTCGGGCACCGCACTATCATGGGTGCAGAAAATCTCGGGTGGTCT 
GGGGGCCTTCGCAATCGGCGCTATCCTGGTGCTGGTTGTGGTCACTTGCATTGGGCTCCGCAGATAAGTTAGGGTAGGCA 
ATGGCATTGATATAGCAAGAAAATTGAAAACAGAAAAAGTTAGGGTAAGCAATGG CATATAACCATAACTGTATAACTT G 

/O TAACAAAGCGCAACAAGACCTGCGCAATTGGCCCCGTGGTCCGCCTCACGGAAACTCGGGGCAACTCATATTGACACATT 
AATTGG CAATAATTG G AAG CTTAC ATAAG CTTAATTCG ACG AATAATTG G ATTTTTATTTTATTTTGCAATTG GTTTTTA 
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ATATTTCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

AGTGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCC^ 
AACATAAAATGAATGCAATT*GTTGTTGTTAACTTGTTTATTGCAGCTTATA 

AATTTC AC AAATAAAG CA I Mill I CACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTG 
5 GATCTAGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTC 
ACTGACTCGCTGCGCTCGGXCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA 
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTG 
CGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA 
CTATAAAGATACCAGGCGTTnrCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT 

10 GTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCGCGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTC 
GCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCC 
AACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGC 
TACAGAGTTCTTGAAGTGGT'GGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGC GCTCTGC TGAAGCCAG 
TTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCAC CGC TGGTAGCGGTGG fTTTTTI GTTTGCAAG 

15 CAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGC ATTCT GACGCTCAGTGG^ 
CGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCi I I I AAATTAAAAATGAA 
GTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCA 
GCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATC 
TGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAA 

20 GGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAG CTA GAGTAAGT 
AGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGG 
TTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCG 
GTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACT 
GTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACC 

25 GAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAAC 
GTTCTTCGGGGCGAAAACTCXCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGA 
TCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGA 
GGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTT^ 

GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGAC 
30 GTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGG 
TGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTCTGTCTAAGCGGATGCCGGGAGCAGAC 
AAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTG 
AGAGTGCACCATATCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCCCAGTACTAGGTTGAGGCCGTTGAGC 
ACCGCCGCCGCAAGGAATGGXGCATGCGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTA 
35 CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCC 
ATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCA 
AGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGA 
CCTTATGGGACTTTCCTACTXGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG \ 1 i > GGC AGTA C 
ATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTG 
40 GCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCG CCCCATTGACG CAAATGGG CGGTAGGCGTGTACGGT 

GGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTAACTGGCTTATCGAAATTAATACGACTCA 
CTATAGGGAGACCGGAAGCTTGAATTC 



The sequence of the "combined" vector, pSCAl- E7/BCL-xL [SEQ ID NO:25] is shown below with 
45 the sequence of E7 in lower case, not underscored, while the BCL-xL sequence is lower case and 
underscored. 



ATGGCGGATGTGTGACATACA.CGACGCCAAAAGATTTTGTTCCAGCTCCTGCCACCTCCGCTACGCGAGAGATTAACCAC 
CCACGATGGCCGCCAAAGTGCATGTTGATATTGAGGCTGACAGCCCATTCATCAAGTCTTTGCAGAAGGCATTTCCGTCG 

50 TTCGAGGTGGAGTCATTGCAGGTCACACCAAATGACCATGCAAATGCCAGAGCATTTTCGCACCTGGCTACCAAATTGAT 
CGAGCAGGAGACTGACAAAGACACACTCATCTTGGATATCGGCAGTGCGCCTTCCAGGAGAATGATGTCTACGCACAAAT 
ACCACTGCGTATGCCCTATGCGCAGCGCAGAAGACCCCGAAAGGCTCGATAGCTACGCAAAGAAACTGGCAGCGGCCTCC 
GGGAAGGTGCTGGATAGAGAGATCGCAGGAAAAATCACCGACCTGCAGACCGTCATGGCTACGCCAGACGCTGAATCTCC 
TACCTTTTGCCTGCATACAGACGTCACGTGTCGTACGGCAGCCGAAGTGGCCGTATACCAGGACGTGTATGCTGTACATG 

55 CACCAACATCGCTGTACCATCAGGCGATGAAAGGTGTCAGAACGGCGTATTGGATTGGGTTTGACACCACCCCGTTTATG 
TTTGACGCGCTAGCAGGCGCGTATCCAACCTACGCCACAAACTGGGCCGACGAGCAGGTGTTACAGGCCAGGAACATAGG 
ACTGTGTGCAGCATCCTTGACTGAGGGAAGACTCGGCAAACTGTCCATTCTCCGCAAGAAGCAATTGAAACCTTGCGACA 
CAGTCATGTTCTCGGTAGGATCTACATTGTACACTGAGAGCAGAAAGCTACTGAGGAGCTGGCACTTACCCTCCGTATTC 
CACCTGAAAGGTAAACAATCCTTTACCTGTAGGTGCGATACCATCGTATCATGTGAAGGGTACGTAGTTAAGAAAATCAC 

60 TATGTGCCCCGGCCTGTACGGTAAAACGGTAGGGTACGCCGTGACGTATCACGCGGAGGGATTCCTAGTGTGCAAGACCA 
CAGACACTGTCAAAGGAGAAAGAGTCTCATTCCCTGTATGCACCTACGTCCCCTCAACCATCTGTGATCAAATGACTGGC 
ATACTAGCGACCGACGTCACACCGGAGGACGCACAGAAGTTGTTAGTGGGATTGAATCAGAGGATAGTTGTGAACGGAAG 
AACACAGCGAAACACTAAC^CGATGAAGAACTATCTGCTTCCGATTGTGGCCGTCGCATTTAGCAAGTGGGCGAGGGAAT 
ACAAGGCAGACCTTGATGATGAAAAACCTCTGGGTGTCCGAGAGAGGTCACTTACTTGCTGCTGCTTGTGGGCATTTAAA 

65 ACGAGGAAGATGCACACCATGT"ACAAGAAACCAGACACCCAGACAATAGTGAAGGTGCCTTCAGAGTTTAACTCGTTCGT 
CATCCCGAGCCTATGGTCTAGAGGCCTCGCAATCCCAGTCAGATCACGCATTAAGATGCTTTTGGCCAAGAAGACCAAGC 
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GAGAGTTAATACCTGTTCTCGACGCGTCGTCAGCCAGGGATGCTGAACAAGAGGAGAAGGAGAGGTTGGAGGCCGAGCTG 
ACTAGAGAAGCCTTACCACCCCTCGTCCCCATCGCGCCGGCGGAGACGGGAGTCGTCGACGTCGACGTTGAAGAACTAGA 
GTATCACGCAGGTGCAGGGGTCGTGGAAACACCTCGCAGCGCGTTGAAAGTCACCGCACAGCCGAACGACGTACTACTAG 
GAAATTACGTAGTTCTGTCCCCGCAGACCGTGCTCAAGAGCTCCAAGTTGGCCCCCGTGCACCCTCTAGCAGAGCAGGTG 
5 AAAATAATAACACATAACGGGAGGGCCGGCGGTTACCAGGTCGACGGATATGACGGCAGGGTCCTACTACCATGTGGATC 
GGCCATTCCGGTCCCTGAGTTTCAAGCTTTGAGCGAGAGCGCCACTATGGTGTACAACGAAAGGGAGTTCGTCAACAGGA 
AACTATACCATATTGCCGTTCACGGACCGTCGCTGAACACCGACGAGGAGAACTACGAGAAAGTCAGAGCTGAAAGAACT 
GACGCCGAGTACGTGTTCGACGTAGATAAAAAATGCTGCGTCAAGAGAGAGGAAGCGTCGGGTTTGGTGTTGGTGGGAGA 
GCTAACCAACCCCCCGTTCCATGAATTCGCCTACGAAGGGCTGAAGATCAGGCCGTCGGCACCATATAAGACTACAGTAG 
10 TAGGAGTCTTTGGGGTTCCGGGATCAGGCAAGTCTGCTATTATTAAGAGCCTCGTGACCAAACACGATCTGGTCACCAGC 
GGCAAGAAGGAGAACTGCCAGGAAATAGTTAACGACGTGAAGAAGCACCGCGGGAAGGGGACAAGTAGGGAAAACAGTGA 
CTCCATCCTGCTAAACGGGTGTCGTCGTGCCGTGGACATCCTATATGTGGACGAGGCTTTCGCTAGCCATTCCGGTACTC 
TGCTGGCCCTAATTGCTCTTGTTAAACCTCGGAGCAAAGTGGTGTTATGCGGAGACCCCAAGCAATGCGGATTCTTCAAT 
ATGATGCAGCTTAAGGTGAACTTCAACCACAACATCTGCACTGAAGTATGTCATAAAAGTATATCCAGACGTTGCACGCG 
15 TCCAGTCACGGCCATCGTGTCTACGTTGCACTACGGAGGCAAGATGCGCACGACCAACCCGTGCAACAAACCCATAATCA 
TAGACACCACAGGACAGACCAAGCCCAAGCCAGGAGACATCGTGTTAACATGCTTCCGAGGCTGGGCAAAGCAGCTGCAG 
TTGGACTACCGTGGACACGAAGTCATGACAGCAGCAGCATCTCAGGGCCTCACCCGCAAAGGGGTATACGCCGTAAGGCA 
GAAGGTGAATGAAAATCCCTTGTATGCCCCTGCGTCGGAGCACGTGAATGTACTGCTGACGCGCACTGAGGATAGGCTGG 
TGTGGAAAACGCTGGCCGGCGATCCCTGGATTAAGGTCCTATCAAACATTCCACAGGGTAACTTTACGGCCACATTGGAA 
20 GAATGGCAAGAAGAACACGACAAAATAATGAAGGTGATTGAAGGACCGGCTGCGCCTGTGGACGCGTTCCAGAACAAAGC 
GAACGTGTGTTGGGCGAAAAGCCTGGTGCCTGTCCTGGACACTGCCGGAATCAGATTGACAGCAGAGGAGTGGAGCACCA 
TAATTACAGCATTTAAGG AGGA CAGAGCTTACTCTCCAGTGGTGGCCTTGAATGAAATTTGCACCAAGTACTATC 
GACCTGGACAGTGGCCTGTTTTCTGCCCCGAAGGTGTCCCTGTATTACGAGAACAACCACTGGGATAACAGACCTGGTGG 
AAGGATGTATGGATTCAATGCCGCAACAGCTGCCAGGCTGGAAGCTAGACATACCTTCCTGAAGGGGCAGTGGCATACGG 
25 GCAAGCAGGCAGTTATCGCAGAAAGAAAAATCCAACCGCTTTCTGTGCTGGACAATGTAATTCCTATCAACCGCAGGCTG 
CCGCACGCCCTGGTGGCTGAGTACAAGACGGTTAAAGGCAGTAGGGTTGAGTGGCTGGTCAATAAAGTAAGAGGGTACCA 
CGTCCTGCTGGTGAGTGAGTACAACCTGGCTTTGCCTCGACGCAGGGTCACTTGGTTGTCACCGCTGAATGTCACAGGCG 
CCGATAGGTGCTACGACCTAAGTTTAGGACTGCCGGCTGACGCCGGCAGGTTCGACTTGGTCTTTGTGAACATTCACACG 
GAATTCAGAATCCACCACTACCAGCAGTGTGTCGACCACGCCATGAAGCTGCAGATGCTTGGGGGAGATGCGCTACGACT 
30 GCTAAAACCCGGCGGCATCTTGATGAGAGCTTACGGATACGCCGATAAAATCAGCGAAGCCGTTGTTTCCTCCTTAAGCA 
GAAAGTTCTCGTCTGCAAGAGTGTTGCGCCCGGATTGTGTCACCAGCAATACAGAAGTGTTCTTGCTGTTCTCCAACTTT 
GACAACGGAAAGAGACCCTCTACGCTACACCAGATGAATACCAAGCTGAGTGCCGTGTATGCCGGAGAAGCCATGCACAC 
GGCCGGGTGTGCACCATCCTACAGAGTTAAGAGAGCAGACATAGCGACGTGCACAGAAGCGGCTGTGGTTAACGCAGCTA 
ACGCCCGTGGAACTGTAGGGGATGGCGTATGCAGGGCCGTGGCGAAGAAATGGCCGTCAGCCTTTAAGGGAGCAGCAACA 
35 CCAGTGGGCACAATTAAAACAGTCATGTGCGGCTCGTACCCCGTCATCCACGCTGTAGCGCCTAATTTCTCTGCCACGAC 
TGAAGCGGAAGGGGACCGCGAATTGGCCGCTGTCTACCGGGCAGTGGCCGCCGAAGTAAACAGACTGTCACTGAGCAGCG 
TAGCCATCCCGCTGCTGTCCACAGGAGTGTTCAGCGGCGGAAGAGATAGGCTGCAGCAATCCCTCAACCATCTATTCACA 
GCAATGGACGCCACGGACGCTGACGTGACCATCTACTGCAGAGACAAAAGTTGGGAGAAGAAAATCCAGGAAGCCATTGA 
CATGAGGACGGCTGTGGAGTTGCTCAATGATGACGTGGAGCTGACCACAGACTTGGTGAGAGTGCACCCGGACAGCAGCC 
4U TGGTGGGTCGTAAGGGCTACAGTACCACTGACGGGTCGCTGTACTCGTACTTTGAAGGTACGAAATTCAACCAGGCTGCT 
ATTGATATGGCAGAGATACTGACGTTGTGGCCCAGACTGCAAGAGGCAAACGAACAGATATGCCTATACGCGCTGGGCGA 
AACAATGGACAACATCAGATCCAAATGTCCGGTGAACGATTCCGATTCATCAACACCTCCCAGGACAGTGCCCTGCCTGT 
GCCGCTACGCAATGACAGCAGAACGGATCGCCCGCCTTAGGTCACACCAAGTTAAAAGCATGGTGGTTTGCTCATCTTTT 
CCCCTCCCGAAATACCATGTAGATGGGGTGCAGAAGGTAAAGTGCGAGAAGGTTCTCCTGTTCGACCCGACGGTACCTTC 
45 AGTGGTTAGTCCGCGGAAGTATGCCGCATCTACGACGGACCACTCAGATCGGTCGTTACGAGGGTTTGACTTGGACTGGA 
CCACCGACTCGTCTTCCACTGCCAGCGATACCATGTCGCTACCCAGTTTGCAGTCGTGTGACATCGACTCGATCTACGAG 
CCAATGGCTCCCATAGTAGTGACGGCTGACGTACACCCTGAACCCGCAGGCATCGCGGACCTGGCGGCAGATGTGCACCC 
TGAACCCGCAGACCATGTGGACCTCGAGAACCCGATTCCTCCACCGCGCCCGAAGAGAGCTGCATACCTTGCCTCCCGCG 
CGGCGGAGCGACCGGTGCCGGCGCCGAGAAAGCCGACGCCTGCCCCAAGGACTGCGTTTAGGAACAAGCTGCCTTTGACG 
50 TTCGGCGACTTTGACGAGC ACGAG GTCGATGCGTTGGCCTCCGGGATTACTTTCGGAGACTTCGACGACGTCCTGCGACT 
AGGCCGCGCGGGTGCATATATTTTCTCCTCGGACACTGGCAGCGGACATTTACAACAAAAATCCGTTAGGCAGCACAATC 
TCCAGTGCGCACAACTGGATGCGGTCCAGGAGGAGAAAATGTACCCGCCAAAATTGGATACTGAGAGGGAGAAGCTGTTG 
CTGCTGAAAATGCAGATGCACCCATCGGAGGCTAATAAGAGTCGATACCAGTCTCGCAAAGTGGAGAACATGAAAGCCAC 
GGTGGTGGACAGGCTCACATCGGGGGCCAGATTGTACACGGGAGCGGACGTAGGCCGCATACCAACATACGCGGTTCGGT 
55 ACCCCCGCCCCGTGTACTCCCCTACCGTGATCGAAAGATTCTCAAGCCCCGATGTAGCAATCGCAGCGTGCAACGAATAC 
CTATCCAGAAATTACCCAACAGTGGCGTCGTACCAGATAACAGATGAATACGACGCATACTTGGACATGGTTGACGGGTC 
GGATAGTTGCTTGGACAGAGCGACATTCTGCCCGGCGAAGCTCCGGTGCTACCCGAAACATCATGCGTACCACCAGCCGA 
CTGTACGCAGTGCCGTCCCGTCACCCTTTCAGAACACACTACAGAACGTGCTAGCGGCCGCCACCAAGAGAAACTGCAAC 
GTCACGCAAATGCGAGAACTACCCACCATGGACTCGGCAGTGTTCAACGTGGAGTGCTTCAAGCGCTATGCCTGCTCCGG 
DO AGAATATTGGGAAGAATATGCTAAACAACCTATCCGGATAACCACTGAGAACATCACTACCTATGTGACCAAATTGAAAG 
GCCCGAAAGCTGCTGCCTTGTTCGCTAAGACCCACAACTTGGTTCCGCTGCAGGAGGTTCCCATGGACAGATTCACGGTC 
GACATGAAACGAGATGTCAAAGTCACTCCAGGGACGAAACACACAGAGGAAAGACCCAAAGTCCAGGTAATTCAAGCAGC 
GGAGCCATTGGCGACCGCTTACCTGTGCGGCATCCACAGGGAATTAGTAAGGAGACTAAATGCTGTGTTACGCCCTAACG 
TGCACACATTGTTTGATATGTCGGCCGAAGACTTTGACGCGATCATCGCCTCTCACTTCCACCCAGGAGACCCGGTTCTA 
05 GAGACGGACATTGCATCATTCGACAAAAGCCAGGACGACTCCTTGGCTCTTACAGGTTTAATGATCCTCGAAGATCTAGG 
GGTGGATCAGTACCTGCTGGACTTGATCGAGGCAGCCTTTGGGGAAATATCCAGCTGTCACCTACCAACTGGCACGCGCT 
TCAAGTTCGGAGCTATGATGAAATCGGGCATGTTTCTGACTTTGTTTATTAACACTGTTTTGAACATCACCAT^ 
AGGGTACTGGAGCAGAGACTCACTGACTCCGCCTGTGCGGCCTTCATCGGCGACGACAACATCGTTCACGGAGTGATCTC 
CGACAAG CTGAT GGCGGAGAGGTGCGCGTCGTGGGTCAACATGGAGGTGAAGATCATTGACGCTGTCATGGGCGAAAAAC 
/O CCCCATAi I I I l GTGGGGGATTCATAGTTTTTGACAGCGTCACACAGACCGCCTGCCGTGTTTCAGACCCACTTAAGCGC 

CTGTTCAAGTTGGGTAAGCCGCTAACAGCTGAAGACAAGCAGGACGAAGACAGGCGACGAGCACTGAGTGACGAGGTTAG 
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CAAGTGGTTCCGGACAGGCTTGGGGGCCGAACTGGAGGTGGCACTAACATCTAGGTATGAGGTAGAGGGCTGCAAAAGTA 
TCCTCATAGCCATGGCCACCTTGGCGAGGGACATTAAGGCGTTTAAGAAATTGAGAGGACCTGTTATACACCTCTACGGC 
GGTCCTAGATTGGTGCGTTAATACACAGAATTCTGATTGGATCCCAAACGGGCCCTCTAGACTCGAGCGGCCGCCACTGT 

GCTGGATATCTGCAGAATTCatgcatggagatacacctacattgcatgaatatatgttagatttgcaaccagagacaact 

gatctctactgttatgagcaattaaatgacagctcagaggaggaggatgaaatagatggtccagctggacaagcagaacc 

ggacagagcccattacaatattgtaaccttttgttgcaagtgtgactctacgcttcggttgtgcgtacaaagcacacacg 

tagacattcgtactttggaagacctgttaatgggcacactaggaattgtgtgccccatctgttctcagaaaccaGGATCT 

atqqcqtacccatacqatq-ttccaqattacqctaqcttqaqatctaccatqtctcaQaqcaaccaqqaqctqgtaqttaa 

ctttctctcctacaaqctttcccaqaaaqqatacaqctqqaqtcaqtttaqtqatqtqqaaQaaaacaqqactqaaaccc 

caqaaqqqactqaatcqqaaatqqaqacccccaqtqccatcaatqqcaacccatcctqqcacctaacaqacaqccccqca 
gtgaMggmcca^ 

qqaqqcaqqcqacqaqttt:qaactqcqqtaccqqcqqqcattcaqtqacctqacatcccaactcca"catcaccccaqqqa 
caqcatatcaqaqctttqaacaqataqtqaatqaactcttccqqqatqqqqtaaactqqqqtcacattqtqqcctttttc 
tccttcqqcqqqqcactqtqcqta qaaaqcqtaqacaaqaaqatqcaaatattqqtqaqtcgqatcqcaqcttaaataac 
cajC3£tacctgaa^gajc ^ 

atqcaqcaqccqaqaqccqaaaaqqccaqqaacqcttcaaccqctqqttcctqacqqqcataactqtqqccqqcqtqqtt 
ctqctqqqctcactcttcaatcaaaaataaA GATCCAAGCTTAAGTTT(;(;(;TAATTAATT^AAT-rArATrrr TA rqr AA /y 

CGTTTTACGGCCGCCGGTGGCGCCCGCGCCCGGCGGCCCGTCCTTGGCCGTTGCAGGCCACTCCGGTGGCTCCCGTCGTC 

CCCGACTTCCAGGCCCAGCAGATGCAGCAACTCATC^GCGCCGTAAATGCGCTGACAATGAGACAGAACGCAATTGCT 

TGCTAGGCCTCCCAAACCAAAGAAGAAGAAGACAACCAAACCAAAGCCGA^ 

CGCAGCAGCAAAAGAAGAA^GACAAGCAAGCCGACAAGAAGAAGAAGAAACCCGGAAAAAGAGAAAGAATGTGCATG 

ATTGAAAATGACTGTATCTTCGTATGCGGCTAGCCACAGTAACGTAGTGTTTCCAGACATGTCGGGCACCGCACTATCAT 

GGGTGCAGAAAATCTCGGGTGGTCTGGGGGCCTTCGCAATCGGCGCTATCCTGGTGCTGGTTGTGGTCACTTGCATTGGG 

CTCCGCAGATAAGTTAGGGTAGGCAATGGCATTGATATAGCAAGAAAATTGAAAACAGAAAAAGTTAGGGTAAGCAATGG 

CATATAACCATAACTGTATAACTTGTAACAAAGCGCAACAAGACCTGCGCAATTGGCCCCGTGGTCCGCCTCACGGAAAC 

TCGGGG CAACT CATATTG ACACAT TAATTGGCAATAATTGG 

TATTTTATTTTGCAATTGGTTTTTAATATTTCCAA^ 

AAAAAjVWWWWWWVAAAACTAGTGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACT^ 

CTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAA^ 

TTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCA 1 I I I t 1 I CACTGCATTCTAGTTGTGGTTTGTCCAAAC 

TCATCAATGTATCTTATCATGTCTGGATCTAGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTA^ 

TGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAA 

AGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGG 

AACCGTAAAAAGGCCGCGTTGCTGGCG Mil TCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAG 

TCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTC 

CGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCGCGCTGTAGG 

TATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTT 

ATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTA 

GCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTT 

GGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG 

TAGCGGTGG I I 1 I I I I GTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTA 

CGGGGCATTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACC 

TAGATCCTTTTAAATTAAAAATGAAGTT^^ 

CTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAA 

CTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTA 

TCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAA 

TTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGG 

TGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCA^ 

TGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGG^GTGTTATCACTG\TGGTTAT 

GGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCAT 

TCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACT 

TTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT 

GTAACCCACTCGTGCACCCAACTGATCTTCAGCATC7TTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGC 

AAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATAT^ 

ATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAA^ 

ATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGA 
GGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTCT 
GTCTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTA 
TGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATCGACGCTCTCCCTTATGCGACTCCTGCATTAGGAAGCAGCC 
CAGTACTAGGTTGAGGCCGTTGAGCACCGCCGCCGCAAGGAATGGTGCATGCGTAATCAATTACGGGGTCATTAGTTCAT 
AGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT 
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTC^TTGACGTCAATGGGTGGAGTATTTACGGT 
AAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC 
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTAC 
CATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCG\CCC^ 
TTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAA^ 

CAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTAACT 
GGCTTATCGAAATTAATACGACTCACTATAGGGAGACCGGAAGCTTGAATTC 



35 



WO 2005/047501 



PCT/US2004/005292 



The sequence of pSCAl- mtBCL-xL [SEQ ID NO:26] is the same as that for the wild type 
BCL-xL except that the mtBCL-xL sequence is inserted in the same position as the wild type 
sequence in the pSCAl - mtBCL-xL vecvot 

The sequence pSCAl -E7/mtBCL-xL [SEQ ID NO:27] is the same as that for the wild type 
5 pSCAl-E7/BCL-xL above, except that the mtBCL-xL sequence is inserted in the same position as 
the wild type sequence . 

The sequenced of the sector pSG5- BCL-xL [SEQ ID NO:28] is shown below, with the 
BCL-xL coding sequence in lower case underscored: 



10 GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
TGCAAAGCATGO\TCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCCATGGCTGACTAA I I I I I I I I ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
CCAGAAGTAGTGAGGAGGCTTTTTTG<3AGGCCTAGGCTTTTGCAAAAAGCTGGATCGATCCTGAGAACT 

15 TTGGGGACCCTTGATTGTTCTTTCTTT - TTCGCTATTGTAAAATTCATGTTA 

GTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCCTCATGATAATTTTGTTTCTTTCACTTTCTACTCTG 
AACCATTGTCTCCTCTTATTTTCTTTTCATTTTCTGTAACTTTTTCGTT AAACTTTA l MM 

AAATTCACTTTTGTTTATTTGTCAGATn"GTAAGTACTTTCTCTAATCAC M M I 1 I ICAAGGCAATCAGGGTATATTATA 
TTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAAGGTAGAATATTTCTGCATATAAAT^ 

20 GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCTC^ 

ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTTCTTC I M I J 
CCTACAGCTCCTGGGCAACGTGCTGGXTATTGTGCTGTCTCATCATTTTGGCAAAGAATTGTAATACGACTCACTATAGG 
GrGAATTCGGATCCAGATC Tataacq-tracccatacaatattccaQattacqctaacttqaqatctaccatqtctcaqaqc 

aaccg&c&qctgq^^ 

25 aqaqaacaqaactqaqqccccaqaaqqqactqaatcqqaqatqqaqacccccaqtaccatcaatqqcaacccatcctqqc 
acctqqcaqacaaccccqcqqtqaatciQaqccactqcqcacaqcaqcaqtttqaatqcccqqqaqqtqatccccatqq ca 
qcaqtaaaqcaaqcqctqaqqqaqqcaqqcqacqaqtttqaactqcqqtaccqqcqqqcattcaq tqacctqacatccca 

qctccacatcac^^ 

qtcqcattqtqqcctttttctccttcqqcqqqqcact qtqcqtqq aaaqcqtaqacaaqqaqatqcaqqtattqqtqaqt 

30 cqqatcqcaqcttqqatqqccacttiacctqaatqaccacctaqaqccttqqa tccaqqaqaacqqcqqctqqqatacttt 
tqtqaaactctatqqqaacaatqcaqcaqccqaqaqccqaaaqqqccaqqa acqcttcaaccqctqqttcctqacqqqca 
tq actqtqqccqqcqtqqttctqctqq q c tcactcttcaqtc qqaaatqaAGATC TTATTAAA GCAGAACTTGTTTATTG 
CAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTT I till ITCACTGCATTCTAGTTGT 

GGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGTCGACTCTAGACTCTTCCGCTTCCTCGCTCACTGACTCGCT 

35 GCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA 
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGl I I I iCCAT 
AGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATA 
CCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTC 
TCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG 

40 GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAG 
ACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT 
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGA 
AAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG M M M i GTTTGCAAGCAGCAGATTAC 
GCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTT 

45 AAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAA 

TAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATT 
TCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTG 
CAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGA 
AGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAA 

50 TAGTTTGCGCAACGTTGTTGCCATTGCT"ACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTC 

GTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTT 
GTCAGAAGTAAGTTGGCCGCAGTGTTAXCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGT 
AAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCC 
CGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGA 

55 AAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTT 
TACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGG 

GTTGAATACTCATACTCTTCTTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCG 
GAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCAT 
TATTATCATGACATTAACCTATAAAAAnTAGGCGTATCACGAGGCCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAA 
60 AACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGG 



36 



WO 2005/047501 



PCT/US2004/005292 



CGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATA 
TGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGAAATTGTAAACGTTAATATTTTGTTAA 
TCGCGTTAAA I I I 1 I GTTAAATCAGCTCA I Mil IAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAA 
TAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGG 
5 GCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAG I I 1 II I GGGGTCGAGGTGCCGTA 

AAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAA 
GGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGC 
GCTTAATGCGCCGCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTACGCAACTGTTGGGAAGGGCGATCGGTGCGGG 
CCTCTTCGCTATTACGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAG 
1 0 TCACGACGTTGTAAAACGACGGCCAGTGAATT 



The sequenced of the vector pSG5- mtBCL-xL [SEQ ID NO:29] with the mutant BCL-xL 
sequence has the mtBCL-xL, shown above, inserted in the same location as for the wild type vector 
immediately above. 

15 The nucleotide sequence of the DNA [SEQ ID NO: 30] encoding the XIAP anti-apoptotic 

protein is: 



ATGAC I II I AACAG MM GAAGGATCTAAAACTTGTGTACCTGCAGACATCAATAAGGAAGAAGAATTTGTAGAAGAGTT 
TAATAGATTAAAAACTTTTGCTAATTTTCCAAGTGGTAGTCCTGTTTC AG CATC AACACTGGCACG AG CAGGGTTTCTTT 
ATACTGGTGAAGGAGATACCGTGCGGTGCTTTAGTTGTCATGCAGCTGTAGATAGATGGCAATATGGAGACTCAGCAGTT 

20 GGAAGACACAGGAAAGTATCCCCAAATTGCAGATTTATCAACGGC MM ATCTTG AAAATAGTGCCACG C AGTCTACA AA 
TTCTGGTATCCAGAATGGTCAGTACAAAGTTGAAAACTATCTGGGAAGCAGAGATCATTTTGCCTTAGACAGGCCATCTG 
AG AC AC ATG CAG ACTATC I II I GAGAACTGGGCAGGTTGTAGATATATCAGACACCATATACCCGAGGAACCCTGCCATG 
TATTGTGAAGAAGCTAGATTAAAGTCCTTTCAGAACTGGCCAGACTATGCTCACCTAACCCCAAGAGAGTTAGCAAGTGC 
TGGACTCTACTACACAGGTATTGGTGACCAAGTGCAGTGC II I I GTTGTGGTGGAAAACTGAAAAATTGGGAACCTTGTG 

25 ATCGTGCCTGGTCAGAACACAGGCGACACTTTCCTAATTGCTTCTTTG I M I GGGCCGGAATCTTAATATTCGAAGTGAA 
TCTGATGCTGTGAGTTCTGATAGGAATTTCCCAAATTCAACAAATCTTCCAAGAAATCCATCCATGGCAGATTATGAAGC 
ACGGATCTTTAC I II I GGGACATGGATATACTCAGTTAACAAGGAGCAGCTTGCAAGAGCTGGA I II 1 ATG CTTTAGGTG 
AAGGTGATAAAGTAAAGTGCTnTTCACTGTGGAGGAGGGCTAACTGATTGGAAGCCCAGTGAAGACCCTTGGGAACAACAT 
GCTAAATGGTATCCAGGGTGCAAATATCTGTTAGAACAGAAGGGACAAGAATATATAAACAATATTCATTTAACTCATTC 

30 ACTTGAGGAGTGTCTGGTAAGAACTACTGAGAAAACACCATCACTAACTAGAAGAATTGATGATACCATCTTCCAAAATC 
CTATGGTACAAGAAGCTATACGAATGGGGTTCAGTTTCAAGGACATTAAGAAAATAATGGAGGAAAAAATTCAGATATCT 
GGGAGCAACTATAAATCACTTGAGGTTCTGGTTGCAGATCTAGTGAATGCTCAGAAAGACAGTATGCAAGATGAGTCAAG 
TCAGACTTCATTACAGAAAGAGATTAGTACTGAAGAGCAGCTAAGGCGCCTGCAAGAGGAGAAGCTTTGCAAAATCTGTA 
TGGATAGA AATATTG CTATCG I II II GTTCCTTGTGGACATCTAGTCACTTGTAAACAATGTGCTGAAGCAGTTGACAAG 

3 5 TGTCCCATGTGCTACACAGTCATTACTTTCAAGCAAAAAA I I I I I ATGTCTTAATCTAA 



The amino acid of the vector comprising the XIAP anti-apoptotic protein coding sequence 
[SEQIDNO:31] is: 

MTFNSFEGSK TCVPADINKE EEFVEEFNRL KTFANFPSGS PVSASTLARA GFLYTG EGDT 
40 VRCFSCHAAV DRWQYGDSAV GRHRKVSPNC RFINGFYLEN SATQSTNSGI QNGQYKVENY 
LGSRDHFALD RPSETHADYL LRTGQVVDIS DTIYPRNPAM YCEEARLKSF QNWPDYAHLT 
PRELASAGLY YTGIGDQVQC FCCGGKLKNW EPCDRAWSEH RRHFPNCFFV LGRNLNIRSE 
SDAVSSDRNF PNSTNLPRNP SMADYEARIF TFGTWIYSVN KEQLARAG FY ALGEGDKVKC 
FHCGGGLTDW KPSEDPWEQH AKWYPGCKYL LEQKGQEYIN NIHLTHSLEE CLVRTTEKTP 
45 SLTRRIDDTI FQNPMVQEAI RMGFSFKDIK KIMEEKIQIS GSNYKSLEVL VADLVNAQKD 
SMQDESSQTS LQKEISTEEQ LRRLQEEKLC KICMDRNIAI VFVPCGHLVT CKQCAEAVDK 
CPMCYTVITF KQKIFMS 



The nucleotide sequence of the vector comprising the XIAP anti-apoptotic protein coding 
50 sequence, designated PSG5-XIAP [SEQ ID NO: 3 2] is shown below (with the XIAP in lower case, 
underscored: 
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GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAAT-GTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
TGCAAAGCATGCATCTCAATTAGTCAGCAAC CATA GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
D TCCGCCCATTCTCCGCCCC ATGGCT GACTAA I I I I I II I ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 

CCAGAAGTAGTGAGGAGGC'l I I I I I GGAGGCCTAGG CTTTTGCAAAAAGCTGG ATCGATCCTGAGAACTTCAGGGTGAGT 
TTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTATT-GTAAAATTCATGTTATATGGAG 
GTTTAGAATGGGAAGATG TCCCTTGTAT CACCATGGACCCTCAT^^ 
AACCATTG TCTC CTCTTATTTTCTTTTCATTTTCT 
1 U AAATTCACTTTTGTTT ATTT GTCAGATTGTAAGTACTTTCTCTAATCAC i I 1 I 1 I I TCAAGG CAATCAG GGTATATTATA 

TTGTACTTCAGCACAGTTTTAGAGAACAATTGTTArAATTAAATGATAAGGTAGAATATTTCT^ 
GGCGTGGAAATATTCTTATTGGTAGAAACAACTACAT-CCTGGTCATC^TCCTGCCTTTCTCTT^ 
ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCIAAACCGGGCCCCTCTGCTAACCA^ 

CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTGTAATACGACTCACTATAGG 

1 0 GCGAATTCGGATCCartflacttt taacacL tttma gqatctaaaactt 

tttqtaqaaqaqtttaataqattaaaaacttttqctiaattttccaaqtqqtaqtcctqtttcaqcatcaac'actqqcaca 
aqcaqqqtttctttatactqqtqaaaa aqataccqtacqqtqctttaqttqtcatqcaqctqtaqataqatqqcaatatq 
q a qactcaqcaqttgqaaqacacaqqaaaqtatccccaaattacaqatttatcaacqqcttttatcttqaaaataqtqcc 

n n .amcagLtcMcaaajr^ 

2U aqacaqqccatctqaqa cacatqcaqactatcttttiaaqaactqqqcaqqttqtaqatatatcaqacaccatatacccqa 
qqaaccctqccatqtattqtqaaqaaqctaqattaaaqtcctttcaqaactqqccaqactatqctcacctaaccccaaqa 
qaqttaqcaaqtqctqqactctactacacaaqtattaqtaaccaaqtqcaqtqcttttattqtqgtqqaaaactaaaaaa 
ttgqqaaccttgtgatcg^go^ 

oc atattcqaa qtqaatctqatqctqtqaqttctqataciqaatttcccaaattcaacaaatcttccaaqaaatccatccatq 
z:> qcaqattatqaaqcacqqatctttacttttqqqacamqqatatactcaqttaacaaqqaqcaqcttqcaaQaqctaaatt 

ttatqctttaqqtqaaqqtqataaaqtaaaqtqctttcactqtqqaqqaqqqctaactaattqqaaqcccaqtqaaqacc 

cttgflgaayca^catqctaaatggt^ 

catttaactcattcacttqaqqaqtqtctqqtaaaaactactqaqaaaacaccatcactaactaqaaqaattqatqafac 
ork ■catcttccaaaatcctatqqtacaaa aaqctatacqaatgqqqttcaqtttcaaqqacattaaqaaaataatqqaqqaaa 
5U aaattcaqatatctqqqaqcaactataaatcacttqaqqttctqqttqcaqatctaqtaaatqctcaqaaaqacaatata 
caag^gagtca^^^ caagaqqagaaq c t 

ttqcaaaatctqtatqqataqaaatattqctatcqtlitttqttccttqtqqacatctaqtcacttqtaaacaatqtqctq 
a agcaqttqacaaqtqtcccatqtqctacacaatca-titactttcaaqcaaaaaatttttatqtcttaatctaaA GATCTT 
o c ATTA^AA GCAGAACTTGTTTATTGCAGCTTATMTGGTnrACAAATAAAGCAATAGCATCACAAATTTCACAAAT/^ 
35 ll l l l l CACTGCATTCTAGTTGTGGTTTGTCCAAACT-CATCAATGTATCTTATCATGTCTGGTCGACTCTAGACTCTTCC 

GCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG 
GTTATCCACAGAA TCAGGG GATAACGCAGGAAAGAACIATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGG 
CCGCGTTGCTGGCG I I I I I CCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGA 
AACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCT 
4U TACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCIGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGG 
TGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTAT 
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTA 
TGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCnTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTC 
TGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTT 
4D TTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG 
TCAGTGGAAC GAAA ACTCACGTTAAGGGATTTTGGTCIATGAGATTATCAAA 

AAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCA 
CCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGG 
CA CTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGC 
DO CAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACZTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCT 
AGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTT 
TGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTA 
GCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTT~GGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAAT 
TCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTAT 
GCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCA 
TTGGAAAACGTTCTTCGGGG CGAAA ACTCTCAAGGAT*CTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCA 
CCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTC 

GGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCTTTTTTCAATATTATTGAAGCATTTAT 

GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAAT^ 
OU CCACCTGACGTCTAAGAAACCATTATTATCATGACAXTAACCTATAAAAATAGGCGTATCACGAGGCCCCTTTCGTCTCG 

CGCGTTTCGGTGATGACGGTGAAAACCTCTGACACAT~GCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCC 

GGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCA 

GATTGTACTGA GAGT GCACCATATGCGGTGTGAAAT/VCCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGAAATTGT 

AAACGTTAATATTTTGTTAAAATTCGCGTTAMTTTT^GTTAAA 
OD AAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAG 

AACGTCGACTCCAACGTCAAAGGGCGAAAAACCGTCT~ATCAG 

l l l l l I GGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGC 
CGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTG 
CGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTACGCAACTG 
/U TTGGGAAGGGCGATCGOTGCGGGCCTCTTCGCTATTA.CGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGATTAAGTT 
GGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATT 
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The sequence of DNA encoding the anti-apoptotic protein FLICEc-s [SEQ ID NO:33] is 
shown below: 

ATGGACTTCAGCAGAAATCTTTATGATATTGGGGAACAACTGGACAGTGAAGATCTGGCCTCCCTCAAGTTCC 
TGAGCCTGGACTACATTCCGCAAAGGAAGCAAGAACCCATCAAGGATGCCTTGATGTTATTCCAGAGACTCCA 
5 GGAAAAGAGAATGTTGGAGGAAAGCAATCTGTCCTTCCTGAAGGAGCTGCTCTTCCGAATTAATAGACTGGAT 
TTGCTGATTACCTACCTAAACACTAGAAAGGAGGAGATGGAAAGGGAACTTCAGACACCAGGCAGGGCTCAAA 
TTTCTGCCTACAGGGTCATGCTCTATCAGATTTCAGAAGAAGTGAGCAGATCAGAATTG AGGT CTTTTAAGTT 
TCTTTTGCAAGAGGAAATCTCCAAATGCAAACTGGATGATGACATGAACCTGCTGGATATTTTCATAGAGATG 
GAGAAGAGGGTCATCCTGGGAGAAGGAAAGTTGGACATCCTGAAAAGAGTCTGTGCCCAAATCAACAAGAGCC 

10 TGCTGAAGATAATCAACGACTATGAAGAATTCAGCAAAGGGGAGGAGTTGTGTGGGGTAATGACAATCTCGGA 
CTCTCCAAGAGAACAGGATAGTGAATCACAGACTTTGGACAAAGTTTACCAAATGAAAAGCAAACCTCGGGGA 
TACTGTCTGATCATCAACAATCACAATTTTGCAAAAGCACGGGAGAAAGTGCCCAAACTTCACAGCATTAGGG 
ACAGGAATGGAACACACTTGGATGCAGGGGCTTTGACCACGACCTTTGAAGAGCTTCA I I I I GAGATCAAGCC 
CCACGATGACTGCACAGTAGAGCAAATCTATGAGATTTTGAAAATCTACCAACTCATGGACCACAGTAACATG 

15 GACTGCTTCATCTGCTGTATCCTCTCCCATGGAGACAAGGGCATCATCTATGGCACTGATGGACAGGAGGCCC 
CCATCTATGAGCTGACATCTCAGTTCACTGGTTTGAAGTGCCCTTCCCTTGCTGGAAAACCCAAAGTG Mill 
TATTCAGGCTTGTCAGGGGGATAACTACCAGAAAGGTATACCTGTTGAGACTGATTCAGAGGAGCAACCCTAT 
TTAGAAATGGATTTATCATCACCTCAAACGAGATATATCCCGGATGAGGCTGACTTTCTGCTGGGGATGGCCA 
CTGTGAATAACTGTGTTTCCTACCGAAACCCTGCAGAGGGAACCTGGTACATCCAGTCACTTTGCCAGAGCCT 

20 GAGAGAGCGATGTCCTCGAGGCGATGATATTCTCACCATCCTGACTGAAGTGAACTATGAAGTAAGCAACAAG 
GATGACAAGAAAAACATGGGGAAACAGATGCCTCAGCCTACTTTCACACTAAGAAAAAAACTTGTCTTCCCTT 

CTGATTGA 

The amino acid sequence of the anti-apoptotic protein FLICEc-s [SEQ ID NO:34] is: 

25 

MDFSRNLYDI GEQLDSEDLA SLKFLSLDYI PQRKQEPIKD ALMLFQRLQE KRMLEESNLS 
FLKELLFRIN RLDLLITYLN TRKEEMEREL QTPGRAQISA YRVMLYQISE EVSRSELRSF 
KFLLQEEISK CKLDDDMNLL DIFIEMEKRV ILGEGKLDIL KRVCAQINKS LLKIINDYEE 
FSKGEELCGV MTISDSPREQ DSESQTLDKV YQMKSKPRGY CLIINNHNFA KAREKVPKLH 
30 SIRDRNGTHL DAGALTTTFE ELHFEIKPHD DCTVEQIYEI LKIYQLMDHS NMDCFICCIL 
SHGDKGIIYG TDGQEAPIYE LTSQFTGLKC PSLAGKPKVF FIQACQGDNY QKGIPVETDS 
EEQPYLEMDL SSPQTRYIPD EADFLLGMAT VNNCVSYRNP AEGTWYIQSL CQSLRERCPR 
GDDILTILTE VNYEVSNKDD KKNMGKQMPQ PTFTLRKKLV FPSD 

35 The PSG5 vector encoding the anti-apoptotic porotein FLICEc-s.designated 

PSG5-FLICEc-s 9 has the sequence shown below [SEQ ID NO:35] (with the FLICEc-s sequence in 
lower case, underscored): 

GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 

40 TGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCCATGGCTGACTA A I 1 I I I I I \ A TTTATG CAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
CCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTGGATCGATCCTGAGAACTTCAGGGTGAGT 
TTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTATTGTAAAATTCATGTTATATGGAGGGGGCAAAGTTTTCA 
GTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCCTCATGATAATTTTGTTTCTTTCACTTTCTA 

45 AACCATTGTCTCCTCTTATTTTCTTTTCATTTTCT MM 

AAATTCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAATCAC I I M i I I I CAAGGCAATCAGGGTATATTATA 
TTGT ACTTCAGCACAGTTTTAGAG AACAATTGTTAT AATTAAATG ATAAG GTAG AATATTTCTG C ATATAAATTCTG G CT 
GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCTGGTCATCATCCTGCCTTTCTCTin"ATGGTTAO 
ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTT 

50 CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCT 

GCGAATTC atqqacttcaqcaaaaatctttatqatattqqaqaacaactqqacaqtaaaaatcta acctccctcaaqttc 
ctqaqcctq qactacattccqcaaaqqaaqcaaqaaccca tcaaqqatqccttqatqttattccaq aqactcc aq q a a aa 
qaqaatqttqqaqqaaaqcaatctqtccttcctaaaqqaqctqctcttccqaattaataaactqqattnqctqattacct 
acctaaacactaqaaaqqaqqaqatqqaaaqqqaacttcaqacaccaqqcaqqqctcaaatttctqcctacaqqqtcatq 

55 ctctatcaQatttcaqaaqaaqtQaqcaaatcaqaattqaqqtcttt-taaqtttcttttqcaaqaqqaaatctccaaatq 
caaactqqatq atqacat q aacctqct qq at:attttcataqaqatqqaqaaqaqqqtcatcctqaqaflaagaaMg3Baa. 
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acatcctqaaaaqaqtctqtqcccaaatcaacaaqaqcctqctaaaQataatcaacqactatqaaqaattcaqcaaaaaa 
qa qqaqttqtqtqqqqtaatqacaatctcaaactctccaaaaqaacaaaataqtqaatcacaaactttqqacaaaqttta 
cca aatqaaaaq caaacctcqqqqatact qtctqatcatcaacaatcacaattttqcaaaaq cacaqqaqaaaqtqccca 
aacttcacaqcattaqqqacaqqaatqqaacacacttqqatqcaqqqqctttqaccacqacctttqaaqaqcttcatttt 
qaqatcaaqccccacqatgactqcacaqtaqaqcaaa-tctatqaqattttaaaaatctaccaactcatiqqaccacaqtaa 
catqqa ctqcttcatctqctqtatcctctcccatqqaaacaaqqqcatcatctatqqcactaataaacaqqaqqccccca 
tctatgagj^acat ctcaqttcac tqqttt q c t 

tqtcaqqqqqataactaccaqaaaqqtatacctqttqaqactqattcaqaqqaqcaaccctatttaqaaatqqatttatc 

atcac ctcaaacqaqatatatcccqqatqaqqctqactttctqctqqqqatqqccactqtqaataactqtqtttcctacc 

qaaaccctqcaqaqqqaacctqat acatccaqtcactttqccaqaqcctqaqaqaqcqatqtcctcqaqqcaatqatatt 

ctcaccat cctqactqaa qtqaactatqaaqtaaqca acaaqqatqacaaaaaaaacataqqqaaacaaatacctcaacc 

.tactttcacactaaqaaaaaaacttqtcttcccttctaattqa GGATC<^GATCTTATTAAA^rAnAArTTr;TTTATTG^ 

AGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGC A I I I I 1 I I CACTGCATTCTAGTTGTG 

GTTTGTCCAAACTCATC^TGTATCTTATCATGTCTGGTCGACTCTAGACTCTTCCGCTTCCTCGCTC^ 

CGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAA 

CGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTT^ 

GGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATAC 

CAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCT 

CCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG 

GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGA 

CACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTT 

GAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAA 

AAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG I I I I I I I GTTTGCAAGCAG CAGATTACG 

CGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTC^^ 

AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAA^ 

AAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTT 
CGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGC 
AATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAA 
GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAAT 
AGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGG 
TTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTG 
TCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATG 

AGATGC l l I I CTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCC 

GGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAA 

AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTT 

ACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATG 

TTGAATACTCATACTCTTC I I I I I I CAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTG 

AATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGA 

^^^^^ATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAA 

ACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGC 

GCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATAT 

GCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGAA^ 

CGCGTTAAA I I I I I GTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAA 

AGACCGAGATAGGGTTGAGTGTTGTTCCAGT7TGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGG 

CGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAj^CCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAA 

agcactaaatcggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaag 
ggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcg 

CTTAATGCGCCGCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTACGCAACTGTTGGGAAGGGCGATCGGTGCGGGC 

CTCTTCGCTATTACGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCC^^ 

CACGACGTTGTAAAACGACGGCCAGTGAATT 

The sequence of DNA encoding the anti-apoptotic protein Bcl2 [SEQ ID NO:36] is shown below: 

ATGGCGCACGCTGGGAGAACAGGGTACGATAACCGGGAGATAGTGATGAAGTACATCCATTATAAGCTGTCGCAGAGGGG 
CTACGAGTGGGATGCGGGAGATGTGGGCGCCGCGCCCCCGGGGGCCGCCCCCGCACCGGGCATCTTCTCCTCCCAGCCCG 
GGCACACGCCCCATCCAGCCGCATCCCGGGACCCGGTCGCCAGGACCTCGCCGCTGCAGACCCCGGCTGCCCCCGGCGCC 
GCCGCGGGGCCTGCGCTCAGCCCGGTGCCACCTGTGGTCCACCTGACCCTCCGCCAGGCCGGCGACGACTTCTCCCGCCG 
CTACCGCCGCGACTTCGCCGAGATGTCCAGCCAGCTGCACCTGACGCCCTTCACCGCGCGGGGACGCTTTGCCACGGTGG 
TGGAGGAGCTCTTCAGGGACGGGGTGAACTGGGGGAGGATTGTGGCCTTCTTTGAGTTCGGTGGGGTCATGTGTGTGGAG 
AGCGTCAACCGGGAGATGTCGCCCCTGGTGGACAACATCGCCCTGTGGATGACTGAGTACCTGAACCGGCACCTGCACAC 
CTGGATCCAGGATAACGGAGGCTGGGTAGGTGCACTTGGTGATGTGAGTCTGGGCTGA 

The amiono acid sequence of Bcl2 [SEQ ID NO: 3 7] is: 

MAHAGRTGYD NREIVMKYIH YKLSQRGYEW DAGDVGAAPP GAAPAPGIFS SQPGHTPHPA 
ASRDPVARTS PLQTPAAPGA AAGPALSPVP PVVHLTLRQA GDDFSRRYRR DFAEMSSQLH 
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LTPFTARGRF ATVVEELFRD GVNWGRIVAF FEFGGVMCVE SVNREMSPLV DNIALWMTEY 
LNRHLHTWIQ DNGGWVGALG DVSLG 



The PSG5 vector encoding Bcl2, designated PSG5-BCL2, has the sequence shown below 
5 [SEQ ID NO: 3 8] (with the Bcl2 sequence in lower case, underscored): 

GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
TGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCC ATGGCT GACTAA MINI! 1 ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
1U CCAGAAGTAGTGAGGAGGC I ! I I I I GGAGGCCTAGGCT~TTTGCAAAAAGCTGGATCGATCCTGAGAACTTCAGGGTGAGT 

TTGGGGACCCTTGATTGTTCTTTC I I I I I CGCTATTGTAAAATTCATGTTATATGGAGGGGGCAAAGTTTTCAGGGTGTT 
GTTTAGAATGGGAAGATG TCCC TTGTATCACCATGGACCCTCATGATAATTTTGTTTCTTTCA 
AACCATTG TCTC CTCTTATTTTCTTTTCATTTTCTGTAACTTnTC^ 

AAATTCACTTTTGTTT ATTT GTCAGATTGTAAGTACTTTCTCTAATCAC I I I I I I I I CAAGGCAATCAGGGTATATTATA 
15 TTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAAGGTAGAATATTTCTGCATATAA^ 

GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCTGGTCATCATCCTGCCTTTCTCTTTATGGTTACAATGATAT 
ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTTCTTCTTT^ 
CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTC^ 

GCGAATTCGGATCCAGATC Tatqqcqcacactqqqaqaacaqqqtacqataaccqqqaqataatqataaaatacatccat 
Z[J tataaqctqtcqcaqaqqqqctacqaqtqqqatqcqqaaqatqtqqqcqccqcqcccccqqqqqccqcccccacaccaqa 
catcttc tcctcccaqcccqqqcacacqccccatccaqccqcatcccqqaacccqqtcqccaqqacctcaccqctqcaqa 
ccccgflctjaoocc^ 

qqcqacqacttctcccqccqctaccqccqcqacttcqccqaqatqtccaqccaqctqcacctqacqcccttcaccqcqcq 
oc p qqacqctttqccacqqtqqtqqaqqaqctcttcaqqqacqqqqtqaactqqqqqaqqattqtqqccttctttqaqttcq 
z ^ q t qqqqtcatqtqtqtqqaqaqcqtcaaccQaqaqatqtcqcccctgqtqqacaacatcaccctqtqqatqactqaatac 

££g3JL£cgacacctgracacc 

ATCTTATTAAAG C AG AACTTGTTTATTG C AG CTTATAATG GTTAC AAATAAAG C AATAG CATCACAAATTTCAC AAATAA 
AGCA I I I I I I I CACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGTCGACTCTAGACT 

on CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA 

JU ATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAG CAAAAGG CCAG CAAAAGGCCAGGAACCGTAA 

AAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGT 
GGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTG 
CCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAG 
TTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTA 

55 ACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCG 
AGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTG 
CGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG 
G l i l l ll I GTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCT 
GACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTT 

40 AAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTG 
AGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGG 
GAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAA 
CCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGG 
AAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCG 

4!) TCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGC 
GGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTC^TGGTTATGGCAGCACTGC 
ATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTXCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATA 
TGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCT 
CATCATTGGAAAACGTTCTTCGGGG CGAA AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTC 

5V GTGCACCCAACTGATC7TCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCA 
AAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCTTTTTTCAATATTATT 
TTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCC 
AAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCCTTTCG 
TCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGG 

55 ATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCA 
GAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGAA 
ATTGTAAACGTTAATA Mil GTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCA (Mill AACCAATAGGCCGAAAT 
CGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTAT 
TAAAG .AACGTG GACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAA 

00 TCAAG I I I I l l GGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGG 

AAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCA 
CGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTACGC 
AACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGATT 
AAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATT 
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The pSG5-dn-caspase-8 vector [SEQ ID NO: 3 9] encoding the dominant-negative caspase-8 
is shown below with the dn-caspase-8 sequence in lower case, underscored: 

GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
5 TGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCCATGGCTGACTAA I 11 I Mi 1 A TTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
CCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTGGATCGATCCTGAGA^ 
TTGGGGACCCTTGATTGTTCTTTCTTTTTCGCTATTGTAAAATTCATG TTATAT GGAGG 
GTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCC TCATC 
1 0 AACCATTGTCTCCTCTTATTTTCTTTTCATTTTCTGTAACTTTTTCGTTAA 

AAATTCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAATCAC 1 I I I I 1 I I CAAGGCAATCAGGGTATATTATA 

TTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAATC 

GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCT 

ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTTCTTC I mi 
15 CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGC^AAGAATTGTAATACGACTCACTATAGG 

r;rr:AATTrG(;ATccataQact„tcaac aQaaatcti:r at qat:att:QQQaaacaactqqacaqtqaaqat ctqqcctccctc 
aaqttcctqaqcctqqactacattccqcaaaqqaaqcaaqaacccatcaaqqat^^^^ 

aaaaaaqaqaatqttqqaqaaaaqcaatctatccl:tcctqaaqqaqctqctcttccqaattaataqac tqqatttqctqa 
ttacctacctaaacactaqaaaaaaaqaqatqqaaaqaaaacttcaaacaccaqqcaqqqctcaaatt tctqcctacaqq 
20 atcatqctctatcaaatttcaqaaqaaqtqaqcaQatcaaaattqaq q tcttttaaq t t tctttt qcaaqaqqaaatctc 

c^a^qcaaactqqat^^ 
I5iEHqacatcctqaaaaqaatcta^ 

aaaaaaqaqqa qttqtqtqqaataataacaatctcqqactctccaaqaqaacaqqataqtqa a t cacaqactttqqacaa 
aatttaccaaataaaaaqcaaacctcqqqqatac-tqtctaatcatcaacaatcaca at t ttqc a a aaqcacqqqaqaaaq 

25 tqcccaaacttcacaqcat^ 

caataacatqqactacttcatctactqtatcctcl:cccatqqaqacaaqqq catcat ctatqqcactqai:qgacaq qaq q , 
cccccatctatq aqctaacatctcaattcactaatttqaaqtqcccttccc ttqctqq aaaacccaaaqtqttttttatt 

30 tttatcatcacctcaaacqagatatatcccgqatqaqgrt 

cctaccqaaaccctqcaqaaqqaacctaatacatccaqtcactttaccaqaqcct q a q a q a qcqatq tcctcqaqqcqat 

qatattctcaccatcctqactqaaqtaaactatqaaataaqcaacaaaaataacaaqaaaaacatqqqq aaacaqatqcc 
tcaocctaci^ 

AGCTT AT/^TGGTTACAAAT CAT C AC AAATTTC ACAAATAAAG C A I II I l i l CACTGCATTCTAGTTGTG 

35 GTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGTCGACTCTAGACTCTTCCGCTTCCTCGCTCACTGACTCGCTG 
CGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAA^ 
CGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCG nil) CCATA 
GGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATAC 
CAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCT 
40 CCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGG 
GCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGA 
CACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTT 
GAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAA 
AAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGT I I I 11 I GTTTG C AAG C AG CAG ATTAC G 
45 CGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG GTCT GACGCTCAGTGGAACGAA 
AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAA^ 

AAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC^GCGATCTGTCTATTT 
CGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGC 
AATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAA 

50 GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAAT 
AGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTC^ 
TTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTG 
TCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTA 
AGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCC 

55 GGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGT^^ 

AACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTT 
ACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGA 
TTGAATACTCATACTCTTCTTTTTTCAATATTATTGAAGCATTTATCAGGGTTATT 
AATGTATTTAGAAAAATAA^CAAATAGGGGTTCCGCGCACATTTCCCCGAAA^ 

60 ATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAA 
ACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGC 
GCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATC^GAGCAGATTGTACT 
GCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGAAATT^ 
CGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAAT 

65 AGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAG AACGTG GACTCCAACGTCAAAGGG 

CGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCAC^ 

AGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAG 
GGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCG 
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CTTAATGCGCCGCTACAGGGCGCGTCGCGCCATTCGCCATTG\GGCTACGCAACTGTTGGGAAGGGCGATCGCTGCGGGC 

CTCTTCGCTATTACGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGATTAAGTTGGG 

CACGACGTTGTAAAACGACGGCCAGTGAATT 



5 The amino acid sequence of dn-caspase-8 [SEQ ID NO:40] is: 

MDFSRNLYDI GEQLDSEDLA SLKFLSLDYI PQRKQEPIKD ALMLFQRLQE KRMLEESNLS 
FLKELLFRIN RLDLLITYLN TRKEEMEREL QTPGRAQISA YRVMLYQISE EVSRSELRSF 
KFLLQEEISK CKLDDDMNLL DIFIEMEKRV ILGBGKLDIL KRVCAQINKS LLKIINDYEE 
10 FSKGEELCGV MTISDSPREQ DSESQTLDKV YQMKSKPRGY CLIINNHNFA KAREKVPKLH 
SIRDRNGTHL DAGALTTTFE ELHFEIKPHD DCWEQIYEI LKIYQLMDHS NMDCFICCIL 
SHGDKGIIYG TDGQEAPIYE LTSQFTGLKC PSLAGKPKVF FIQASQGDNY QKGIPVETDS 
EEQPYLEMDL SSPQTRYIPD EADFLLGMAT VNNCVSYRNP AEGTWYIQSL CQSLRERCPR 
GDDILTILTE VNYEVSNKDD KKNMGKQMPQ PTFXLRKKLV FPSD 

15 

The pSG5-dn-caspase-9 vector [SEQ ID NO:41] encoding the dominant-negative caspase-9 
is shown below with the dn-caspase-9 sequence in lower case, underscored: 

GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
20 TGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCCATGGCTGACTAA I II I I I I I A TTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
CCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAA^AAGCTGGATCGATCCTGAGAACTTCAGGGTGAGT 

TTGGGGACCCTTGATTGTTCTTTCTTTTTCGCT 

GTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCCTCATGATAATTTTGTTTCTTT^ 
2 5 AACCATTGTCTCCTCTTATTTTCTTTTCATTTTCTGTAACTTTTTCGTTAAA^ 

AAATTCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAA"TCAC I MINI I CAAGGCAATCAGGGTATATTATA 
TTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAAT 

GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCTGGTCA^CATCCTGCCTTTCTCTTTATGGTTACAATG 
ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGC CCCT CTGCTAACCATGTTCATGCCTTCTTCl MM 

^0 CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTCT^ 

GCGAATTCGGATC Catqaacqaaqcqqatcqqcqqctcctqcqqcaatqccaqctqcqqctqqtqqaaqaqctqcaqqtq 
qaccaqctctqqqacqccctqctqaqccqcqaqctqttcaqqccccatatqatcqaqqacatccaqcqqqcaqqctctqq 
atctcgg^agLatcagaccag^ 

qcttaqaqqacaicaqqccaqqacatqctQqcttcqtttctqcqaac-taacaqqc aaacaacaaaqttqtcqaaqccaacc 
35 ctaqaaaaccttaccccaqtqqtqctcaqaccaqaqattcqcaaaccaqaqqttctcaqaccqqaaacacccaqaccaqt 
qaacattqqttctqqaqqatttaqtqatqtcqqtqctcttaaqaqtittqaqqqqaaatqcaqatttqqctitacatcctqa 
gcatqqaqccctqtqqccactqcctcattatcaacaatqtqaacttrctqc^^ 

tccaacatcqactqtqaaaaqttqcqqcqtcqcttctcctcqctqcatttcatqqtqqaqqtqaaqqqcqacctqact qc 
caaqaaaatqqtqctqqctttqctqqaqctqqcqcaqcaqqaccacqqtqctctqqactqctqcqtqqtqqtcattctct 

40 ctcacqqctqtcaqqccaqccacctqcaqttcccaqqqqctqtctacqqcacaqatqqatqccctqtqtcqqt cqaqaaq 
attqtqaacatcttcaatqqgaccaqctq ccccaq cctqqq aggq aiaq c cc.aaq.ct ctttrt £atcca^ cctctgfltg^ 
qqaqcaqaaaqaccatqqqtttqaqqtqqcctccacttcccctqaaiqacqaqtcccctqqcaqtaaccccqaqccaqatq 
ccaccccqttccaqqaaqqtttqaqqaccttcqaccaqctqqacacicatatctaqtttqcccacacccaqtqaca tcttt 
qtqtcctactctactttcccaqqttttqtttcctqqaqqqaccccaLaqaqtqqctcctqqtacqttqaqaccctqqacqa 

45 catcttt gagc^gj^ggctcact^ 
tttataaaZa^atgcctg^ 

AGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAG CATCACAAATTTCACAAATAAAGCA I M M mCA 
CTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCIATGTCTGGTCGACTCTAGACTCTTCCGCTTCCTC 

gctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatcca 
50 cagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaag 

ctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgac 
aggactataaagataccaggcgtttccccctggmgctccctcgtgcgctctcctgttccgaccctgccgcttaccggat 
acctgtccgcctttctcccttcgggaagcgtggcgctttct^ 

gttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttga 
55 gtccaacccggtaagacacgacttatcgccactggcagcagccact-ggtaacaggattagcagagcgaggtatgtaggcg 
gtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgc gctctgc tgaag 
ccagttaccttcggaaaaagagttggtagctcttgatccggcaaa claa acca ccgct ggtagcggtgg rrrrm gtttg 

CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG GTCT GACGCTCAGTGGA 

ACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTAT 
60 AGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA.GTTACCAATGCTTAATCAGTGAGGCACCTATCTC 
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCAT 
CTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGA 
AGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG 
TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTA 
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CTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTC 
GGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTT 
TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGAC 
CGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGC^ 
5 CGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG 
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCA/^^ 
GGGCGACACGGAAATGTTGAATACTCATACTCTTCTTT 

AGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAC 
CGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCCTT^ 
10 GGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAG 
ACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTAC 
TGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGAAATTGTAAACGTTA 
ATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTT^ 

TATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAG AACGTG GA 
15 CTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAG I I I I I I GG 

GGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAAC 
GTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAAC 
CACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCGCGCG^TTCGCCATTCAGGCTACGCAACTGTTGGGAAG 
GGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACG 
2 0 CCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATT 



The amino acid sequence of dn-caspase-9 [SEQ ID NO:42] is: 

MDEADRRLLR RCRLRLVEEL QVDQLWDALL SRELFRPHMI EDIQRAGSGS RRDQARQLII 
DLETRGSQAL PLFISCLEDT GQDMLASFLR TNRQAAKLSK PTLENLTPVV LRPEIRKPEV 
25 LRPETPRPVD IG5GGFGDVG ALESLRGNAD LAYILSMEPC GHCLIINNVN FCRESGLRTR 
TGSNIDCEKL RRRFSSLHFM VEVKGDLTAK KMVLALLELA QQDHGALDCC VVVIL5HGCQ 
ASHLQFPGAV YGTDGCPVSV EKIVNIFNGT SCPSLGGKPK LFFIQASGGE QKDHGFEVAS 
TSPEDESPGS NPEPDATPFQ EGLRTFDQLD AISSLPTPSD IFVSYSTFPG FVSWRDPKSG 
SWYVETLDDI FEQWAHSEDL QSLLLRVANA VSVKGIYKQM PGCFNFLRKK LFFKTS 

30 

The nucleotide sequnece of murine serine protease inhibitor 6 (SPI-6, deposited in 
GENEBANK as NMJ)09256 is shown below [SEQ ID NO:43] 



1 gaattccggg ctggattgag aagccgcaac tgtgactctg catcatgaat actctgtctg 
35 61 aaggaaatgg cacctttgcc atccatcttt tgaagatgct atgtcaaagc aacccttcca 

121 aaaatgtatg ttattctcct gcgagcatct cctctgctct agctatggtt ctcttgggtg 
181 caaagggaca gacggcagtc cagatatctc aggcacttgg tttgaataaa gaggaaggca 
241 tccatcaggg tttccagttg cttctcagga agctgaacaa gccagacaga aagtactctc 
301 ttagagtggc caacaggctc tttgcagaca aaacttgtga agtcctccaa acctttaagg 
40 361 agtcctctct tcacttctat gactcagaga tggagcagct ctcctttgct gaagaagcag 
421 aggtgtccag gcaacacata aacacatggg tctccaaaca aactgaaggt aaaattccag 
481 agttgttgtc aggtggctcc gtcgattcag aaaccaggct ggttctcatc aatgccttat 
541 attttaaagg aaagtggcat caaccattta acaaagagta cacaatggac atgcccttta 
601 aaataaacaa ggatgagaaa aggccagtgc agatgatgtg tcgtgaagac acatataacc 
45 661 tcgcctatgt gaaggaggtg caggcgcaag tgctggtgat gccatatgaa ggaatggagc 
721 tgagcttggt ggttctgctc ccagatgagg gtgtggacct cagcaaggtg gaaaacaatc 
781 tcacttttga gaagttaaca gcctggatgg aagcagattt tatgaagagc actgatgttg 
841 aggttttcct tccaaaattt aaactccaag aggattatga catggagtct ctgtttcagc 
901 gcttgggagt ggtggatgtc ttccaagagg acaaggctga cttatcagga atgtctccag 
50 961 agagaaacct gtgtgtgtcc aagtttgttc accagagtgt agtggagatc aatgaggaag 
1021 gcacagaggc tgcagcagcc tctgccatca tagaattttg ctgtgcctct tctgtcccaa 
1081 cattctgtgc tgaccacccc ttccttttct tcatcaggca caacaaagca aacagcatcc 
1141 tgttctgtgg caggttctca tctccataaa gacacatata ctacacaggg agagttctct 
1201 cttcagtatc cctaccactc ctacagctct gtcaagatgg gcaagtaggg ggaagtcatg 
55 1261 ttctaagatg aagacacttt ccttctctgt cagcctgatc ttataatgcc tgcattcaac 
1321 tctccctgtc ttgaatgcat ctatgccctt taccaggtta tgtctaatga tgccaaatac 
1381 cttctgctat gctattgatt gatagcctag ccagtaattt atagccagtt agaactgact 
1441 tgactgtgca agaatgctat aatggagcta gagagaaggc acaaacacta ggaaaggttg 
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1501 ctgtttttgc agaggacaca gggacatttc ccaccactca catggctgct tacaacctct 

1561 ggaaattcca gtttctgtcc atgacttgat tcctttcttt ggcttctact ggctccagca 

1621 tcctgcacat acatgtatcg tcattcagtt acacacaaac aagtaaaatt ttaaaaataa 

1681 ataaaaattt aaagagagag tctaaaattt tagtaatggt tagataatag ctgctattgt 

5 1741 gcctttttca ggttttaatg tcattattct tgtgtataaa gtcaataatt tataggaaaa 
1801 catcagtgcc ccggaattc 

The amino acid sequence of the SPI-6 protein [SEQ ID NO:44] is: 

10 MNTLSEGNGTFAIHLLKMLCQSNPSKNVCVSPASISSALAMVLLGAKGQTAVQISQALGLNKEEGIHQGFQLL 
LRKLNKPDRKYSLRVANRLFADKTCEVLQTFKESSLHFYDSEMEQLSFAEEAEVSRQHINTWVSKQTEGKIPE 
LLSGGSVDSETRLVLINALYFKGKWHQPFNKEYTMDMPFKINKDEKRPVQMMCREDTYNLAYVKEVQAQVLVM 
PYEGMELSLVVLLPDEGVDLSKVENNLTFEKLTAWMEADFMKSTDVEVFLPKFKLQEDYDMESLFQRLGVVDV 
FQEDKADLSGMSPERNLCVSKFVHQSVVEXNEEGTEAAAASAIIEFCCASSVPTFCADHPFLFFIRHNKANSI 

15 LFCGRFSSP 

The nucleic acid sequence of the mutant SPI-6 (mtSPI6) is shown below [SEQ ID NO:45] 

atgaatactctgtctgaaggaaatggcacctttgccatccatcttttgaagatgctatgtcaaagcaaccctt 
20 ccaaaaatgtatgttattctcctgcgagcatctcctctgctctagctatggttctcttgggtgcaaagggaca 
gacggcagtccagatatctcaggcacttggtttgaataaagaggaaggcatccatcagggtttccagttgctt 
ctcaggaagctgaacaagccagacagaaagnactctcttagagtggccaacaggctctttgcagacaaaactt 
gtgaagtcctccaaacctttaaggagtcctctcttcacttctatgactcagagatggagcagctctcctttgc 
tgaagaagcagaggtgtccaggcaacacataaacacatgggtctccaaacaaactgaaggtaaaattccagag 
25 ttgttgtcaggtggctccgtcgattcagaaaccaggctggttctcatcaatgccttatattttaaaggaaagt 
ggcatcaaccatttaacaaagagtacacaatggacatgccctttaaaataaacaaggatgagaaaaggccagt 
gcagatgatgtgtcgtgaagacacatataacctcgcctatgtgaaggaggtgcaggcgcaagtgctggtgatg 
ccatatgaaggaatggagctgagcttggtggttctgctcccagatgagggtgtggacctcagcaaggtggaaa 
acaatctcacttttgagaagttaacagcctrggatggaagcagattttatgaagagcactgatgttgaggtttt 
30 ccttccaaaatttaaactccaagaggattatgacatggagtctctgtttcagcgcttgggagtggtggatgtc 
ttccaagaggacaaggctgaettatcaggaatgtctccagagagaaacctgtgtgtgtccaagtttgttcacc 
agagtgtagtggagatcaatgaggaaggcagagaggctgcagcagcctctgccatcatagaattttgctgtgc 
ctcttctgtcccaacattctgtgctgaccaccccttccttttcttcatcaggcacaacaaagcaaacagcatc 
ctgttctgtggcaggttctcatctccataa 

35 

The amino acid sequence of the mutant SPI-6 protein (mtSPI-6) [SEQ ID NO:46] is: 

MNTLSEGNGT FAIHLLKMLC QSNPSKNVCY SPASISSALA MVLLGAKGQT AVQISQALGL 
NKEEGIHQGF QLLLRKLNKP DRKYSLRVAN RLFADKTCEV LQTFKESSLH FYDSEMEQLS 
40 FAEEAEVSRQ HINTWVSKQT EGKIPELLSG GSVDSETRLV LINALYFKGK WHQPFNKEYT 
MDMPFKINKD EKRPVQMMCR EDTYNLAYVK EVQAQVLVMP YEGMELSLVV LLPDEGVDLS 
KVENNLTFEK LTAWMEADFM KSTDVEVFLP KFKLQEDYDM ESLFQRLGVV DVFQEDKADL 
SGMSPERNLC VSKFVHQSVV EINEEGREAA AASAIIEFCC ASSVPTFCAD HPFLFFIRHN 
KANSILFCGR FSSP 

45 

The sequence of the pcDNA3-Spi6 vector [SEQ ID NO:47] is shown below with the 
SPI-6 in lower case, underscored: 

GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 
CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 

50 CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACA^ 
GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 
CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 
ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATG CCCA GTACATGACCTTA 

55 TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGC AGTA CATCAA 
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCC^ 
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AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 
GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 
GGAGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTCTAGACT 
j- tqaatactctqtctaaaqqaaataacacctttQCcatccatcttttqaaaatqctatqtcaaaqcaacccttccaaaaat 
qtatqttattctcctqcqaqcatctcctctactctaqctatqqttctcttqqqtqcaaaqqqacaqacqqcaatccaaat 
atctcaqqcacttqqtttqaataaaqaqqaaqqcatccatcaqqqtttccaqttqcttctcaqqaaqctaaacaaqccaa 
.acag aaaqtactctcttaqaqtq qccaacaqqctctttiqcaqa caaaacttqtqaaqtcctccaaacctttaaqqaqtcc 
tctcttcacttctatqactcaqaqatqqaqcaactctcctttqctqaaqaaqcaqaqqtqtccaqqcaacacataaacac 
. A atqqqtctccaaacaaactqaaqqtaaaattccaaaq-trtqttatcaqqtqqctccqtcqattcaqaaaccaqqctqqttc 
1U tcatcaatqccttatattttaaaaqaaaqtqqcatcaaccatttaacaaaqaqtacacaatqqacatqccctttaaaata 
aacaaggatqaqaaaaqqccaq tqcaqat qatqtq tcqtqaaqacacatataacctcqc ctatqtqaaqgaaatqcaqqc 
■qcaaqtqctqqtqatqccatatqaaqqaatqqaqctqaqcttqqtqqttctqctcccaqatqaqqqtqt'qqacctcaqca 
aqqtqqaaaacaatctcacttttqaqaaqttaacaqcctqqatqqaaacaaattttatqaaqaqcactqatqttqaqqtt 
, j- ttccttccaaaatttaaactccaaqaqqattatqacatqqaqtctctatttcaqcqcttqqqaqtqqtaqatqtcttcca 
1 J aqaqqacaaqqctqacttatcaqqaatqtctccaqaq aqaaacrt ^ 

aqatcaatqaqqaaqqcacaqaqqctqcaqcaqcctctqccatcataqaattttqctqtqcctcttctqtcccaacattc 
.tqtqctqaccaccccttccttttcttcatcaqqcacaacaaaqcaaacaqcatcctqttctqtqqcaqqttctcatctcc 
aGGATCCGAGCTCGGTACCAAGCTTAAGTTTAAACCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCT^ 
_ n GTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGC 
20 ATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACA 
ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCC 
CACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCT 
AGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGCA 
TCCCTTTAGGGTTCCGATT TAGTG CTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGG 
ZD CCATCGCCCTGATAGACGG I I I I I CGCCCT TTGA CGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGG 

AACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGGGGATTTCGGCCT 

AGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCC 
CAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTC 

JO CGCCC AGTTCCGCC CATTCTCCG CCC CATGG CTG ACTAA I I I I I I I I ATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCT 

GAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCAT 
TTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCG 
CTTGGGTGGAGAGGCTATT CGGCT ATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCA 
GCGCAGGGGCGCCCGGTTC t I I I I GTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCT 

3D ATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTAT 
TGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATG 
CGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCG 
GATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGC 
TCAAGG CGCG CATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAAT 

40 GGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGA 
TATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCA 
TCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACC 
TGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGG 
ATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAA 

4D ATAAAGCAATAGCATCACAAATTTCACAAATAAAGCA I I) I II I CACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCA 

ATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGA 
AATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAG 
CTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCG 
GCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTT 

DO CGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAA 
CATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCC 
CTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCC 
CCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAG 
CGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACG 

55 AACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCG 
CCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCC 
TAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTA 
GCTCTTGATCCGGCAAACAAACCA CCGC TGGTAGCGGTGG I I I I I I I GTTTG C AAG CAG C AG ATT ACG CG C AG AAA AAAA 
GGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGT 

00 CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAT 

AGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATA 
GTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG 
AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAA 

/rc CTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAAC 

OD GTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATC 
AAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGT 
TGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCT 
GTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACG 
GGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGA 

70 TCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCAT^ 
GTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGG 
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ACTCTTCCTTTTTCAATATTATTGAAGC 

AAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC 



The sequence of the mutant vector pcDNA3-mtSpi6 vector [SEQ ID NO:48] is the same as 
5 that above, except that the mtSPI-6 sequence is inserted in the same location in place of the wilt 
type SPI-6. 



Vectors Encoding of Pro-Apoptotic Proteins 

The pSG5-caspase-3 vector [SEQ ID NO:90] is shown below with the caspase-3 sequence in 
lower case, underscored: 

10 GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGGAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
TGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCCATGGCTGACTAA I 111 III I ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
CCAGAAGTAGTGAGGAGGC I M I I I GGAGGCCTAGGCTTTTGCAAAAAGCTGGATCGATCCTGAGA ACTT CAGGGTGAGT 

15 TTGGGGACCCTTGATTGTTCTTTC I I II I CGCTATTGTAAAATTCATGTTATATGGAGGGGGCAAAGTTTTCAGGGTGTT 

GTTTAGAATGGGAAGATGTCCCTTGTATCACCATGGACCCT 

AACCATTGTCTCCTCTTATTTTC I I I I CATTTTCTGTAACTTTTTCGTTAAACTTTAGCTTGCATTTGTAACGAA I MM 
AAATTCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAATCAC I J I I I II I CAAGGCAATCAGGGTATATTATA 
TTGTACTTCAGCACAGTTTTAGAGAACAATTGTTATAATTAAATGATAAGGTAGAATATTTCTGC 

20 GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCTGGTC^TCATCCTGCCTTTCTCTTTA 

ACACTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCTCTGCTAACCATGTTCATGCCTTCTTC Mill 
CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTGTAATACGACTCACTATAGG 
GCGAATTCGGATC Catqqaqaacactqaaaactcaatqqattcaaaatccattaaaaatttqqaaccaaaqatcatacat 
qqaaqcqaatcaatqqactctqqaatatccctqqacaacaqttataaaatqqattatcctqaqatQqqtttatqtataat 

25 aattaataataaqaatt ttcataa aaqcactqqaa-tqacatctcqqtctqqtacaqatqtcqatqcaqcaaacctcaqqq 
aaacattcaqaaacftqaaatatqaaqtcaqqaata'aaaatqatcttacacqtqaaqaaattqtqqaattqat qcqtqat 
qtttctaaaqaaqatcacaqcaaaaqqaqcaqttttqtttqtqtqcttctqaqccatqqtqaaqaaqqaataatttttqq 
aacaaatqqacctqttqacctqaaaaaaataacaaactttttcaqaqqqqatcqttqtaaaaqtctaactqqaaaaccca 
aacttttcattattcaqq cctqccqt qq taca qaactqqactqtqqcattqaqacaqacaqtqqtqttqatqatqacatq 

30 qcqtqtcataaaataccaqtqqaqqccqacttcttqtatqcatactccacaqcacctqqttattattcttqqcqaaattc 
aaaqqatqqctcctqqttcatccaqtcqctttqtqccatqctqaaacaqtatqccqacaaqcttqaatttatqcacattc 
ttacccqqqttaaccqaaaqqtqqcaacaqaatttqaqtccttttcctttqacqctacttttcatqcaaaqaaacaqatt 
ccatqtattqtttccatqctcacaaaaq aact ctat:ttttatcacjtaaAGATCT TATTAAA GCAGAACTTGTTTATTGC 
GCTTAT AATGGTTAC AAAT AAAG C AATAG C ATCAC AAATTTCACAAATAAAG CA M I II I I CACTGCATTCTAGTTGTGG 

35 TTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGTCGACTCTAGACTCTTCCGCTTCCTCGCTCACTGACTCGCTGC 
GCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAAC 
GCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCG Mill CCATAG 
GCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACC 
AGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTC 

40 CCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGG 
CTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGAC 
ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTG 
AAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAA 
AAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG I II I I I I GTTTGCAAGCAGCAGATTACGC 

45 GCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTT^ 
GGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAA 

AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTC 
GTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCA 
ATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAG 

50 TGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATA 
GTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGT 
TCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGT 
CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAA 
GATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCG 

55 GCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGA^ 
ACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTA 
CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGT 
TGAATACTCATACTCTTC 1 I I 1 I I CAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGA 
ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGC^ 

60 TTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAA 
CCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCG 
CGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATG 
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CGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATAC 

GCGTTAAA (MM GTTAAATC AG CTC A MINI AACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAG.AATA 

GACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTyXTTAAAGAACGTGGACTCCAACGTCAAAGGGC 

GAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTT7TTTGGGGTCGAGGTGCCGTAAA 

GCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGG<GGAAAGCCGGCGAACGTGGCGAGAAAGGAAGG 

GAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGC 

TTAATGCGCCGCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTACGCAACTGTTGGGAAGGGCGATCGGTGCGGGCC 

TCTTCGCTATTACGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGAnTTAAGTTGGGTAACGCCAGGGTTTT 

ACGACGTTGTAAAACGACGGCCAGTGAATT 

The amino acid sequence of Caspase-3 (SEQ DD NO:49) is: 



MENTENSVDS 
MTSRSGTDVD 
HGEEGIIFGT 
DMACHKIPVE 
RKVATEFESF 



KSIKNLEPKI IHGSESMDSG ISLDNSVKMD YPEMGLCIII NNKNFHKSTG 

AANLRETFRN LKYEVRNKND LTREEIVELM RDVSKEDHSK RSSFVCVLLS 

NGPVDLKKIT NFFRGDRCRS LTGKPKL.FII QACRGTELDC GIETDSGVDD 

ADFLYAYSTA PGYYSWRNSK DGSWFIQSLC AMLKQYADKL EFMHILTRVN 
SFDATFHAKK QIPCIVSMLT KELYFYH 



The vector encoding mutant caspase-3 , pSG5-mt caspase-3 [SEQ ID NO: 50] is the same as 
that of the wild type, except that the mutant caspase-3 sequence is inserted in the same location as 
the wild type sequence above (inidicated in lower case,, underscored. 

GTCGACTTCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG 
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTA 
TGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT 
TCCGCCCATTCTCCGCCCC ATGGCT GACTAA t 1 1 I 1 I I I ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT 
CCAGAAGTAGTGAGGAGGCi mm l GGAG GCCTAGGCTTTTGCAAAAAGCTGGATCGATCCTGAGAACTTCAGGGTGAGT 
TTGGGGACCCTTGATTGTTCTTTC I I J ! I CGCTATTGTAAAATTCATGT~TATATGGAGGGGGCAAAGTTTTCAGGGTGTT 
GTTTAGAATGGGAAGATG TCCC TTGTATCACCATGGACCCTCATGATAA7TTTGTTTCTTTCACTTTC 
AACCATTGTCTCCTCTTATTTTCTTTTCA 

AAATTCACTTTTGTTTATTTGTCAGATTGTAAGTACTTTCTCTAATCAe I I I I I I I 1 CAAGGCAATCAGGGTATATTATA 



TTGTACTTCAGCACAGTTTTAGAGAAGAATTGTTATAATTAAATC 
GGCGTGGAAATATTCTTATTGGTAGAAACAACTACATCCTGGTCATCAT-CCTGCCTTTCTCTTTATGGTTACAATGATAT 
AC^CTGTTTGAGATGAGGATAAAATACTCTGAGTCCAAACCGGGCCCCT^CTGCTAACCATGTTCATGCCTTCTTCTTTTT 
CCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTT-GGCAAAGAATTGTAATACGACTCACTATAGG 
GCGAA TTCGGATCCatqqaqaacactqaaaactcaataaattcaaaatccattaaaaatttaaaaccaaaqatcatacat 
qqaaqc qaatcaatqqactctqqaatatccctaaacaacaattataaaa-taaattatcctaaqatqqqtttatqtataat 
aattaataataagaa^tttjcatma^^^ qq 

a,aacattcaqaaacttqaaatatqaaqtcaqqaataaaaatqatctt:acacqtqaaqaaattqtqqaattqatqcqtqat 
qtttctaaaqaaqatcacaqcaaaaqqaqcaqttttqtttqtqtqcttcuqaqccatqqtqaaqaaqqaataatttttqq 
aacaaatqqacctqttqacctqaaaaaaataac aaactttttcaqaqqaqatcqttataqaaatctaactqqaaaaccca 
aacttttc attajtt^^ 

qcqtqtcataaaataccaqtqqaqqccqacttcttatatqcatac^^ 

aaaqqat qqctcctqqttcatccaqtcqctttqtqccatqctaaaacaciHatqccqacaaacttqaatttatqcacattc 
ttacccqqqttaaccqaaaqqtqqca acaqaatttqaqtccttttcctti-tqacqctacttttcatqcaaaqaaacaqatt 
cca^att qtttccatqctc acaaaa 

G CTTATAATG GTTAC AAATAA AG C AATAG C ATC ACA AATTTCAC AAATAAAG C A > I I 1 I I 1 CACTGCATTCTAGTTGTGG 

TTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGTCGACTCTAGACTCTTCCGCTTCCTCGCTCACTGACTCGCTGC 

GCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAAC 

GCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCC^^ 

GCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACC 

AGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTC 

CCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCXGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGG 

CTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGAC 

ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTG 

AAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAA 

aagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtcjG nrrm gtttgcaagcagcagattacgc 

G^GAAAAAAAGGATCTC^ 

GGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTnTAAATTAAAAATGAAG 

A^TATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTC 

GTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCA 
AT G ATACCGCGA^ 

T^CCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATA 
G III GCGCAACG ^ G ^^ 

TCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCG^ 
CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCC^ 
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GATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCG 
GCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAA 
ACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTT^ 
CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGT 
5 TGAATACTCATACTCTTC I I 1 1 I I CAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGA 

ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTA 
TTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAA 
CCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCG 
CGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATG 

10 CGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAG 

GCGTTAAA I I I I I GTTAAATCAGCTCA 1 I I I I I AACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATA 
GACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAG AACGTG GACTCCAACGTCAAAGGGC 
GAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAG I I I I I I GGGGTCGAGGTGCCGTAAA 
GCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGG 

15 GAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGC 
TTAATGCGCCGCTACAGGGCGCGTCGCGCCATTCGCCATTCAGGCTACGCAACTGTTGGGAAGGGCGATCGGTGCGGGCC 
TCn"CGCTATTACGCCAGCTGGCGAAGGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTC 
ACGACGTTGTAAAACGACGGCCAGTGAATT 



20 The amino acid sequence of mtCasapase-3 [SEQ ID NO:51] is: 



MENTENSVDS KSIKNLEPKI IHGSESMDSG ISLDNSYKMD YPEMGLCIII NNKNFHKSTG 

MTSRSGTDVD AANLRETFRN LKYEVRNKND LTREEIVELM RDVSKEDHSK RSSFVCVLLS 

HGEEGIIFGT NGPVDLKKIT NFFRGDRCRS LTGKPKLFII QAGRGTELDC GIETDSGVDD 

25 DMACHKIPVE ADFLYAYSTA PGYYSWRNSK DGSWFIQSLC AMLKQYADKL EFMHILTRVN 

RKVATEFESF SFDATFHAKK QIPCIVSMLT KELYFYH 



Sequences of DNA Encoding "Translocation Polypeptides" and Their Vectors 

30 The DNA sequence encoding the E7 protein with the translocation Signal sequence and 
LAMP-1 domain [SEQ ID NO:52] is: 



ATGGCGGCCCCCGGCGCCCGGCGGCCGCTGCTCCTGCTGCTGCTGGCAGGCCTTGCACATGGCGCCTCAGCACTCTTTGA 
GGATCTAATCATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACAACTGATCTCTACT 
35 GTTATGAGCAATTAAATGACAGCTCAGAGGAGGAGGATGAAATAGATGGTCCAGCTGGACAAGCAGAACCGGACAGAGCC 
CATTACAATATTGTTACCTTTTGTTGCAAGTGTGACTCTACGCTTCGGTTGTGCGTACAAAGCACACACGTAGA 
TACTTTGGAAGACCTGTTAATGGGCACACTAGGAATTGTGTGCCCCATCTGTTCTCAGGATCTTAACAACATGTTGATCC 
CCATTGCTGTGGGCGGTGCCCTGGCAGGGCTGGTCCTCATCGTCCTCATTGCCTACCTCATTGGCAGGAAGAGGAGTCAC 
GCCGGCTATCAGACCATCTAG 

40 

The amino acid sequence of Sig-E7-Ll [SEQ ID NO:53] is: 

MAAPGARRPL LLLLLAGLAH GASALFEDLI MHGDTPTLHE YMLDLQPETT DLYCYEQLND 
SSEEEDEIDG PAGQAEPDRA HYNIVTFCCK CDSTLRLCVQ STHVDIRTLE DLLMGTLGIV 
45 CPICSQDLNN MLIPIAVGGA LAGLVLIVLI AYLIGRKRSH AGYQTI 

The sequence of the vector pcDNA3-sigE7Ll [SEQ ID NO:54] is shown below with the 
SigE7-Ll sequence in lower case, underscored: 

GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 
50 CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 
CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATT 
GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 
CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 
AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 
55 ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 
TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATC^ 
TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACC 
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AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 
GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 
GGAGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTCTAGACTCG AGCGG CCGCCACTGTG CTGGATATCTG CAGAATTCa 

taacaacccccqqcqcccqqcqQCcqctqctcctqctactqctqqc aqggcttqca catqqcqcctcaqcactctttqaq 
5 qatctaatcatqcatqqaaatacacctacattqcatqaatatatqt taq ati-ttqcaaccaqaqacaactqatctctactq 
ttatqaqcaattaaatqacaqctcaqaqqaqqaq aat.qaaataaatqqtc caqctqqacaaqcaqaaccqqacaqaqccc 
attacaatattqttaccttttqttqcaaqtqtqactctaCT^ 

actttqqaaqacctqttaatqqqcacactaqqaattqtqtqccccatctqt-tctcaqqatcttaacaacatqttqatccc 
cattqctqtqqqcqqtqccctqqcaqqqctqqtcctcatcatcctcattqcctaccucattqqcaqqaaqaqqaqtcacq 

10 CCqqctatcaqaccatCtaq GGATCCGAGCTCGGTACCAAGCTTAAGTTTAAACCGCTGATCAGCCTCGACTGTGCCTTC 
TAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCT 
AATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAG 
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTG 
GGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCG 

15 CTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCC^ 

CAAGCTCTAAATCGGGGCATCCCTTTAGGGTTCCGA7TTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTG 
TGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCA CGTTC TTTAATAGTG 
GACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTC 
GCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTA^ 

20 GGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACGAGGTGTGGAAAGT 
CCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAAC CATAGTCC CGCCCCTAACTCCG 
CCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCnrGACTAAl 1111) 1 I ATT TATGCAGAGGC 
CGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCI Mil I GGAGGCCTAGGCTTTTGCAAAAAGCTCC 
CGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTG 

25 CACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGC 
CGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGC 
AGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCZAGCTGTGCTCGACGTTGTCACTGAAGCG 
GGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATC 
CATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCA 

30 TCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCA 
GCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCC 
GAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACA 
TAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCC 
GCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCXGAGCGGGACTCTGGGGTTCGAAATGACC 

35 GACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCXTCTATGAAAGGTTGGGCTTCGGAATCGT 
TTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCT TCGCCCA CCCCAACTTGTTTATTG 
CAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCA I I I I I I TCACTGCATTCTAGTTGT 
GGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCXCTAGCTAGAGCTTGGCGTAATCATGGTC 
ATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCT 

40 GGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGC 
CAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGC 
CTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAG 
GGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTT 
TTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCMGTCAGAGGTGGCGAAACCCGACAGGACTATA 

45 AAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCG 
CCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCC 
AAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCC 
GGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAG 
AGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGC GCTCTGCT GAAGCCAGTTACC 

50 TTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGG I I J I 1 I I GTTTG CAAG C AG CA 

GATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT 

CACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA"TCC I t I I AAATTAAAAATGAAG till AAA 
TCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTG 
TCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCA 
55 GTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAG 
CGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCC 
AGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTC 

GCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCG 
ATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAiATTCTCTTACTGTCATG 

60 ATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCT 
CTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGT^ 
GGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGC 
ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGG^ 
GGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCAT^ 

65 ATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC 



HSP70 from M tuberculosis 
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The nucleotide sequence encoding HSP70 (SEQ ID NO:55) is shown below and is deposited 
in GENBANK; nucleotides 10633-12510 of the M tuberculosis genome. 



atggctcg tgcggtcggg atcgacctcg ggaccaccaa ctccgtcgtc tcggttctgg aaggtggcga 

cccggtcgtc gtcgccaact ccgagggctc caggaccacc ccgtcaattg tcgcgttcgc ccgcaacggt 

5 gaggtgctgg tcggccagcc cgccaagaac caggcagtga ccaacgtcga tcgcaccgtg cgctcggtca 

agcgacacat gggcagcgac tggtccatag agattgacgg caagaaatac accgcgccgg agatcagcgc 

ccgcattctg atgaagctga agcgcgacgc cgaggcctac ctcggtgagg acattaccga cgcggttatc 

acgacgcccg cctacttcaa tgacgcccag cgtcaggcca ccaaggacgc cggccagatc gccggcctca 

acgtgctgcg gatcgtcaac gagccgaccg cggccgcgct ggcctacggc ctcgacaagg gcgagaagga 

10 gcagcgaatc ctggtcttcg acttgggtgg tggcactttc gacgtttccc tgctggagat cggcgagggt 

gtggttgagg tccgtgccac ttcgggtgac aaccacctcg gcggcgacga ctgggaccag cgggtcgtcg 

attggctggt ggacaagttc aagggcacca gcggcatcga nctgaccaag gacaagatgg cgatgcagcg 

gctgcgggaa gccgccgaga aggcaaagat cgagctgagt tcgagtcagt ccacctcgat caacctgccc 

tacatcaccg tcgacgccga caagaacccg ttgttcttag acgagcagct gacccgcgcg gagttccaac 

15 ggatcactca ggacctgctg gaccgcactc gcaagccgtt ccagtcggtg atcgctgaca ccggcatttc 

ggtgtcggag atcgatcacg ttgtgctcgt gggtggttcg acccggatgc ccgcggtgac cgatctggtc 

aaggaactca ccggcggcaa ggaacccaac aagggcgtca accccgatga ggttgtcgcg gtgggagccg 

ctctgcaggc cggcgtcctc aagggcgagg tgaaagacgt tctgctgctt gatgttaccc cgctgagcct 

gggtatcgag accaagggcg gggtgatgac caggctcatc gagcgcaaca ccacgatccc caccaagcgg 

20 tcggagactt tcaccaccgc cgacgacaac caaccgtcgg tgcagatcca ggtctatcag ggggagcgtg 

agatcgccgc gcacaacaag ttgctcgggt ccttcgagct gaccggcatc ccgccggcgc cgcgggggat 

tccgcagatc gaggtcactt tcgacatcga cgccaacggc attgtgcacg tcaccgccaa ggacaagggc 

accggcaagg agaacacgat ccgaatccag gaaggctcgg gcctgtccaa ggaagacatt gaccgcatga 

tcaaggacgc cgaagcgcac gccgaggagg atcgcaagcg tcgcgaggag gccgatgttc gtaatcaagc 

25 cgagacattg gtctaccaga cggagaagtt cgtcaaagaa cagcgtgagg ccgagggtgg ttcgaaggta 

cctgaagaca cgctgaacaa ggttgatgcc gcggtggcgg aagcgaaggc ggcacttggc ggatcggata 

tttcggccat caagtcggcg atggagaagc tgggccagga gtcgcaggct ctggggcaag cgatctacga 

agcagctcag gctgcgtcac aggccactgg cgctgcccac cccggcggcg agccgggcgg tgcccacccc 

ggctcggctg atgacgttgt ggacgcggag gtggtcgacg acggccggga ggccaagtga 

30 The amino acid sequence of HSP70 [SEQ ID NO:56] is: 

MARAVGIDLG TTNSVVSVLE GGDPVVVANS EGSRTTPSIV AFARNGEVLV GQPAKNQAVT NVDRTVRSVK 

RHMGSDWSIE IDGKKYTAPE ISARILMKLK RDAEAYLGED ITDAVITTPA YFNDAQRQAT KDAGQIAGLN 

VLRIVNEPTA AALAYGLDKG EKEQRILVFD LGGGTFDVSL LEIGEGVVEV RATSGDNHLG GDDWDQRVVD 

WLVDKFKGTS GIDLTKDKMA MQRLREAAEK AKIELSSSQS TSINLPYITV DADKNPLFLD EQLTRAEFQR 

35 ITQDLLDRTR KPFQSVIADT GISVSEIDHV VLVGGSTRMP AVTDLVKELT GGKEPNKGVN PDEVVAVGAA 

LQAGVLKGEV KDVLLLDVTP LSLGIETKGG VMTRLIERNT TIPTKRSETF TTADDNQPSV QIQVYQGERE 

IAAHNKLLGS FELTGIPPAP RGIPQIEVTF DIDANGIVHV TAKDKGTGKE NTIRIQEGSG LSKEDIDRMI 

KDAEAHAEED RKRREEADVR NQAETLVYQT EKFVKEQREA EGGSKVPEDT LNKVDAAVAE AKAALGGSDI 

SAIKSAMEKL GQESQALGQA IYEAAQAASQ ATGAAHPGGE PGGAHPGSAD DVVDAEVVDD GREAK 

40 

E7-Hsp70 Chimera or Fusion (nucleic acid is SEQ ID NO:57; amino acids axe SEQ ID NO:58) 
E7 coding sequence is capitalized and underscored. 
1/1 31/11 



ATG CAT GGA GAT ACA CCT ACA TTG CAT GAA TAT ATG TTA GAT TTG CAA CCA GAG ACA ACT 



Met his gly asp thr pro thr 
61/21 

GAT CTC TAC TGT TAT GAG CAA 


leu his glu tyr met leu 
91/31 

TTA AAT GAC AGC TCA GAG 


asp 

GAG 


leu gin pro glu thr thr 

GAG GAT GAA ATA GAT GGT 


asp leu tyr cys 
121/41 

CCA GCT GGA CAA 


tyr glu gin 

GCA GAA CCG 


leu 

GAC 


asn 

AGA 


asp 
GCC 


ser ser 
151/51 

CAT TAC 


gl u 

AAT 


glu 

ATT 


glu 

GTA 


asp 

ACC 


glu 

TTT 


ile 

TGT 


asp 

TGC 


gly 

AAG 


pro ala gly gin 
181/61 

TGT GAC TCT ACG 


ala glu pro 

CTT CGG TTG 


asp 
TGC 


arg 

GTA 


ala 

CAA 


his tyr 
211/71 

AGC ACA 


asn 

CAC 


ile 

GTA 


val 

GAC 


thr 

ATT 


phe 

CGT 


cys 

ACT 


cys 
TTG 


lys 

GAA 



cys asp ser thr leu arg leu cys val gin ser thr his val asp ile arg thr leu glu 
55 241/81 271/91 

GAC CTG TTA ATG GGC ACA CTA GGA ATT GTG TGC CCC ATC TGT TCT CAA GGA TCC atQ get 

asp leu leu met gly thr leu gly ile val cys pro ile cys ser gin gly ser met ala 
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301/101 

cgt gcg gtc ggg ate gac etc ggg acc 

arg ala val gly ile asp leu gly thr 
361/121 

5 gac ccg gtc gtc gtc gec aac tec gag 

asp pro val val val ala asn ser glu 
421/141 

gec cgc aac ggt gag gtg ctg gtc ggc 

ala arg asn gly glu val leu val gly 
10 481/161 

gat cgc acc gtq cgc teg gtc aag cga 

asp arg thr val arg ser val lys arg 
541/181 

ggc aag aaa tac acc gcg ccg gag ate 

15 gly lys lys tyr thr ala pro glu ile 
601/201 

gec gag gee tac etc ggt gag gac att 

ala glu ala tyr leu gly glu asp ile 
661/221 

20 aat gac gee cag cgt cag gee acc aag 

asn asp ala gin arg gin ala thr lys 
721/241 

egg ate gtc aac gag ccg acc gcg gee 

arg ile val asn glu pro thr ala ala 
25 781/261 

gag cag cga ate ctg gtc ttc gac ttg 

glu gin arg ile leu val phe asp leu 
841/281 

ate gqc gag ggt gtq gtt gag gtc cgt 

30 ile gly glu gly val val glu val arg 
901/301 

gac tgg gac cag egg gtc gtc gat tgg 

asp trp asp gin arg val val asp trp 
961/321 

35 gat ctg acc aag gac aag atg gcg atg 

asp leu thr lys asp lys met ala met 
1021/341 

ate gag ctg agt teg agt cag tec acc 

ile glu leu ser ser ser gin ser thr 
40 1081/361 

gac aag aac ccg ttg ttc tta gac gag 

asp lys asn pro leu phe leu asp glu 
1141/381 

cag gac ctg ctg gac cgc act cgc aag 

45 gin asp leu leu asp arg thr arg lys 
1201/401 

teg gtq teg gag ate gat cac gtt gtq 

ser val ser glu ile asp his val val 
1261/421 

50 acc gat ctg gtc aag gaa etc acc gqc 

thr asp leu val lys glu leu thr gly 
1321/441 

gag gtt gtc gcg gtq gga gee get ctg 
glu val val ala val gly ala ala leu 
55 1381/461 

gtt ctg ctg ctt gat gtt acc ccg ctg 

val leu leu leu asp val thr pro leu 
1441/481 

acc agg etc ate gag cgc aac acc acg 

60 thr arg leu ile glu arg asn thr thr 
1501/501 

gec gac gac aac caa ccg teg gtq cag 

ala asp asp asn gin pro ser val gin 
1561/521 

65 gcg cac aac aag ttg etc gqg tec ttc 

ala his asn lys leu leu gly ser phe 

1621/541 ~ 
att ccg cag ate gag gtc act ttc gac 

ile pro gin ile glu val thr phe asp 

70 1681/561 

aag gac aag ggc acc ggc aag gag aac 



331/111 

acc aac tec gtc gtc teg gtt ctg gaa ggt ggc 
thr asn ser val val ser val leu glu gly gly 
391/131 

ggc tec agg acc acc ccg tea att gtc gcg ttc 
gly ser arg thr thr pro ser ile val ala phe 
451/151 

cag ccc gec aag aac cag gca gtq acc aac gtc 
gin pro ala lys asn gin ala val thr asn val 
511/171 

cac atg ggc age gac tgg tec ata gag att gac 
his met gly ser asp trp ser ile glu ile asp 
571/191 

age gec cgc att ctg atg aag ctg aag cgc gac 
ser ala arg ile leu met lys leu lys arg asp 
631/211 

acc gac gcg gtt ate acg acg ccc gec tac ttc 
thr asp ala val ile thr thr pro ala tyr phe 
691/231 

gac gee ggc cag ate gec gqc etc aac gtq ctg 
asp ala gly gin ile ala gly leu asn val leu 
751/2 51 

gcg ctg gee tac gqc etc gac aag gqc gag aag 
ala leu ala tyr gly leu asp lys gly glu lys 
811/271 

ggt ggt gqc act ttc gac gtt tec ctg ctg gag 
gly gly g'y thr phe asp val ser leu leu glu 
871/291 

gee act teg ggt gac aac cac etc ggc ggc gac 
ala thr ser gly asp asn his leu gly gly asp 
931/311 

ctg gtg gac aag ttc aag ggc acc age ggc ate 
leu val asp lys phe lys gly thr ser gly ile 
991/331 

cag egg ctg egg gaa gec gec gag aag gca aag 
gin arg leu arg glu ala ala glu lys ala lys 
1051/351 

teg ate aac ctg ccc tac ate acc gtc gac gee 
ser ile asn leu pro tyr ile thr val asp ala 
1111/371 

cag ctg acc cgc gcg gag ttc caa egg ate act 
gin leu thr arg ala glu phe gin arg ile thr 
1171/391 

ccg ttc cag teg gtg ate get gac acc ggc att 
pro phe gin ser val ile ala asp thr gly ile 
1231/411 

etc gtg ggt ggt teg acc egg atg ccc gcg gtg 
leu val gly gly ser thr arg met pro ala val 
1291/431 

ggc aag gaa ccc aac aag ggc gtc aac ccc gat 
gly lys glu pro asn lys gly val asn pro asp 
1351/451 

cag gee ggc gtc etc aag ggc gag gtg aaa gac 
gin ala gly val leu lys gly glu val lys asp 
1411/471 

age ctg ggt ate gag acc aag ggc ggg gtg atg 
ser leu gly ile glu thr lys gly gly val met 
1471/491 

ate ccc acc aag egg teg gag act ttc acc acc 
ile pro thr lys arg ser glu thr phe thr thr 
1531/511 

ate cag gtc tat cag ggg gag cgt gag ate gec 
ile gin val tyr gin gly glu arg glu ile ala 
1591/531 

gag ctg acc ggc ate ccg ccg gcg ccg egg ggg 
glu leu thr gly ile pro pro ala pro arg gly 
1651/551 

ate gac gec aac ggc att gtg cac gtc acc gee 
ile asp ala asn gly ile val his val thr ala 
1711/571 

acg ate cga ate cag gaa ggc teg ggc ctg tec 
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lys asp lys gly thr gly lys g~lu asn thr ile arg ile gin glu gly ser gly leu ser 
1741/581 ~ 1771/591 

aag gaa gac att gac cgc atg ate aag gac gec gaa gcg cac gec gag gag gat cgc aag 
lys glu asp ile asp arg met ile lys asp a! a glu a! a his a! a glu glu asp arg lys 
5 1801/601 1831/611 

cgt cgc gag gag gec gat gtt cgt aat caa gec gag aca ttg gtc tac cag acg gag aag 
arg arg glu glu a! a asp val arg asn gin ala glu thr leu val tyr gin thr glu lys 
1861/621 ** 1891/631 

ttc gtc aaa gaa cag cgt gag gee gag gqt gqt teg aag gta cct gaa gac acg ctg aac 
10 phe val lys glu gin arg glu ala glu gly gly ser lys val pro glu asp thr leu asn 
1921/641 1951/651 

aag gtt gat gec gcg gtg gcg gaa gcg aag gcg gca ctt gqc gga teg gat att teg gec 
lys val asp ala ala val ala glu ala lys ala ala leu giy gly ser asp ile ser ala 
1981/661 2011/671 
15 ate aag teg gcg atg gag aag ctg gqc cag gag teg cag get ctg gqg caa gcg ate tac 
ile lys ser ala met glu lys leu gly gin glu ser gin ala leu gly gin ala ile tyr 
2041/681 ~ 2071/691 

gaa gca get cag get gcg tea cag gec act gqc get gec cac ccc gqc teg get gat gaA 
glu ala ala gin ala ala ser gin ala thr gly ala ala his pro gly ser ala asp glu 
20 2101/701 
AGC a 
ser 



ETAfdID from Pseudomonas aeruginosa 
25 The section that follows lists the sequences of the ETA(dll) polypeptides alone or in 

fusion with E7 antigen, the nucleic acids encoding some of these peptides and nucleic acids 
of the vectors into which the sequences encoding these polypeptides are cloned. 
The complete coding sequence for Pseudomonas aeruginosa exotoxin type A (ETA) - SEQ ID 
NO:59 -GenBank Accession No. K01397, is shown below: 

30 

1 ctgcagctgg teaggcegtt tccgcaacgc ttgaagtcct ggecgatata ccggcagggc 
61 cagccatcgt tcgacgaata aagccacctc agecatgatg ccctttccat ccccagcgga 
121 accccgacat ggacgccaaa gccctgctcc tcggcagcct cngcctggcc gccccattcg 
181 ccgacgcggc gacgctcgac aatgetctet ccgcctgcct cgccgcccgg ctcggtgcac 

35 241 cgcacacggc ggagggccag ttgcacctgc cactcaccct tgaggecegg cgctccaccg 
301 gegaatgegg ctgtacctcg gcgctggtgc gatategget getggecagg ggcgccagcg 
361 ccgacagcct cgtgcttcaa gagggctget egatagtege caggacacgc cgcgcacgct 
421 gaccctggcg gcggacgccg gettggegag cggccgcgaa ctggtcgtca ccctgggttg 
481 tcaggcgcct gactgacagg ccgggctgcc accaccaggc cgagatggac gccctgcatg 

40 541 tatcctccga tcggcaagcc tcccgttcgc acattcacca ctctgcaatc cagttcataa 
601 atcccataaa agccctcttc cgctccccgc cagcctcccc gcatcccgca ccctagacgc 
661 cccgccgctc tccgccggct cgcccgacaa gaaaaaccaa ccgctcgatc agcctcatcc 
721 ttcacccatc acaggageca tegegatgea cctgataccc cattggatcc ccctggtcgc 
781 cagcctcggc ctgctcgccg gcggctcgtc cgcgtccgcc gecgaggaag ccttcgacct 

45 841 ctggaacgaa tgcgccaaag cctgcgtgct cgacctcaag gacggcgtgc gttccagccg 
901 catgagegtc gacccggcca tcgccgacac caacggccag ggcgtgctgc actactccat 
961 ggtcctggag ggcggcaacg acgcgctcaa gctggccatc gacaacgccc tcagcatcac 
1021 cagcgacggc ctgaccatcc gectcgaagg eggegtcgag ccgaacaagc eggtgegcta 
1081 cagctacacg cgccaggcgc gcggcagttg gtegctgaac tggctggtac cgatcggcca 

50 1141 cgagaagccc tcgaacatca aggtgttcat ccacgaactg aacgccggca accagctcag 
1201 ccacatgtcg ccgatctaca ccatcgagat gggegacgag ttgctggcga agctggcgcg 
1261 cgatgccacc ttcttegtea gggegcaega gagcaacgag atgeagcega cgctcgccat 
1321 cagccatgcc ggggtcagcg tggtcatggc ccagacccag ccgcgccggg aaaagcgctg 
1381 gagegaatgg gccagcggca aggtgttgtg cctgctcgac ccgctggacg gggtctacaa 

55 1441 ctacctcgcc cagcaacgct gcaacctcga cgatacctgg gaaggcaaga tetacegggt 
1501 gctcgccggc aacccggcga agcatgacct ggacatcaaa cccacggtca tcagtcatcg 
1561 cctgcacttt cccgagggcg gcagcctggc cgcgctgacc gcgcaccagg cttgccacct 
1621 geegctggag actttcaccc gtcatcgcca gccgcgcggc tgggaacaac tggagcagtg 
1681 cggctatccg gtgeagegge tggtcgccct ctacctggcg gcgcggctgt cgtggaacca 
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1741 ggtcgaccag gtgatccgca acgccctggc cagccccggc agcggcggcg acctgggcga 

1801 agcgatccgc gagcagccgg agcaggcccg tctggccctg accctggccg ccgccgagag 

1861 cgagcgcttc gtccggcagg gcaccggcaa cgacgaggcc ggcgcggcca acgccgacgt 

1921 ggtgagcctg acctgcccgg tcgccgccgg tgaatgcgcg ggcccggcgg acagcggcga 

5 1981 cgccctgctg gagcgcaact atcccactgg cgcggagttc ctcggcgacg gcggcgacgt 

2041 cagcttcagc acccgcggca cgcagaactg gacggtggag cggctgctcc aggcgcaccg 

2101 ccaactggag gagcgcggct atgtgttcgt cggctaccac ggcaccttcc tcgaagcggc 

2161 gcaaagcatc gtcttcggcg gggtgcgcgc gcgcagccag gacctcgacg cgatctggcg 

2221 cggtttctat atcgccggcg atccggcgct ggcctacggc tacgcccagg accaggaacc 

10 2281 cgacgcacgc ggccggatcc gcaacggtgc cctgctgcgg gtctatgtgc cgcgctcgag 

2341 cctgccgggc ttctaccgca ccagcctgac cctggccgcg ccggaggcgg cgggcgaggt 

2401 cgaacggctg atcggccatc cgctgccgct gcgcctggac gccatcaccg gccccgagga 

2461 ggaaggcggg cgcctggaga ccattctcgg ctggccgctg gccgagcgca ccgtggtgat 

2521 tccctcggcg atccccaccg acccgcgcaa cgtcggcggc gacctcgacc cgtccagcat 

15 2581 ccccgacaag gaacaggcga tcagcgccct gccggactac gccagccagc ccggcaaacc 

2641 gccgcgcgag gacctgaagt aactgccgcg accggccggc tcccttcgca ggagccggcc 

2701 ttctcggggc ctggccatac atcaggtttt cctgatgcca gcccaatcga atatgaattc 2ieo 



The amino acid sequence of ETA (SEQ ID NO:60) 5 GenBank Accession No. K01397, is shown 
20 below 

MHLIPHWIPL VASLGLLAGG SS45/4AEEAF DLWNECAKAC VLDLKDGVRS SRMSVDPAIA 60 

DTNGQGVLHY SMVLEGGNDA LKLAIDNALS ITSDGLTIRL EGGVEPNKPV RYSYTRQARG 120 

SWSLNWLVPI GHEKPSNIKV FIHELNAGNQ LSHMSPIYTI EMGDELLAKL ARDATFFVRA 180 

25 HESNEMQPTL AISHAGVSVV MAQTQPRREK RWSEWASGKV LCLLDPLDGV YNYLAQQRCN 240 

LDDTWEGKIY RVLAGNPAKH DLDIKPTVIS H RLHFPEGGS LAALTAHQAC HLPLETFTRH 300 

ROPRGWEQLE OCGYPVQRLV ALYLAARLSW NOVDQVIRNA LASPGSGGDL GEAIREQPEQ 360 

ARLALTLAAA ESERFVROGT GNDEAGAANA DVVSLTCPVA AGECAGPADS GDALLERNYP 420 

TGAEFLGDGG DVS FSTRGTQ NWT VERLLQA HRQLEERGYV FVGYHGTFLE AAQSIVFGGV 480 

30 RARSQDLDAI WRGFYIAGDP ALAYGYAQDQ EPDARGRIRN GALLRVYVPR SSLPGFYRTS 540 

LTLAAPEAAG EVERLIGHPL PLRLDAITGP EEEGGRLETI LGWPLAERTV VIPSAIPTDP 600 

RNVGGDLDPS SIPDKEQAIS ALPDYASQPG KPPREDLK 638 



Residues 1-25 (italicized) represent the signal peptide; the start of thw mature plypeptide is shown 
35 as a bold/underlined. The mature polypeptide is residules 26-638 of SEQ ID NO:60. The ETA(dll) 
translocation domain (underscored above) spans residues 247-417 of the mature polypeptide 
(corresponding to residues 272-442 of SEQ ID NO:60) and is presented below separately as SEQ ID 



The sequences shown below (nucleotide is SEQ ID NO:62 and amino acid is SEQ ID NO:63) are 
the construct in which ETA(dH) is fused to the HPV-16 E7 polypeptide. The ETA(dll) sequence 
45 appears in plain font, extra codons from pcDNA3 are italicized; those between the ETA(dll) and E7 
sequence are also bolded (and result in the interpositio of two amino acids between ETA(dll) and 
E7. The E7 sequence is underscored. The E7 sequence ends in Gin. 
1/1 31/11 

atg cgc ctg cac ttt ccc gag ggc ggc age ctg gec gcg ctg acc gcg cac cag get tgc 
50 Met arg leu his phe pro glu giy gly ser leu ala ala leu thr ala his gin ala cys 
61/21 ~ 91/31 

cac ctg ccg ctg gag act ttc acc cgt cat cgc cag ccg cgc ggc tgg gaa caa ctg gag 
his leu pro leu glu thr phe thr arg his arg gin pro arg gly trp glu gin leu glu 



NO:61. 



40 



RLHFPEGGSL AALTAHQACH LPLETFTRHR QPRGWEQLEQ CGYPVQRLVA LYLAARLSWN 
QVDQVIRNAL ASPGSGGDLG EAIREQPEQA RLALTLAAAE SERFVRQGTG NDEAGAANAD 
WSLTCPVAA GECAG PADSG DALLERNYPT GAEFLGDGGD VSFSTRGTQN W 



60 
120 
171 
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121/41 151/51 

cag tgc ggc tat ccg gtg cag egg ctg gtc gec etc tac ctg gcg gcg egg ctg teg tgg 
gin cys gly tyr pro val gin arg leu val ala leu tyr leu al a a! a arg leu ser trp 
181/61 211/71 
5 aac cag gtc gac cag gtg ate cgc aac gee ctg gee age ccc ggc age ggc ggc gac ctg 
asn gin val asp gin val ile arg asn ala leu ala ser pro gTy ser gly gly asp leu 
241/81 271/91 

ggc gaa gcg ate cgc gag cag ccg gag cag gee cgt ctg gec ctg ace ctg gee gec gee 
irk gly glu ala ile arg glu gin pro glu gin ala arg leu ala leu thr leu ala ala ala 
10 301/101 331/111 

gag age gag cgc ttc gtc egg cag ggc ace ggc aac gac gag gec ggc gcg gec aac gec 

glu ser glu arg phe val arg gin gly thr gly asn asp glu ala gly ala ala asn ala 

361/121 391/131 

gac gtg gtg age ctg ace tgc ccg gtc gec gee got gaa tgc gcg ggc ccg gcg gac age 
Id asp val val ser leu thr cys pro val ala ala gly glu cys ala gly pro ala asp ser 
421/141 451/151 

ggc gac gee ctg ctg gag cgc aac tat ccc act ggc gcg gag ttc etc ggc gac ggc ggc 
gly asp ala leu leu glu arg asn tyr pro thr gly ala glu phe leu gly asp gly gly 
481/161 511/171 

gac gtc age ttc age acc cgc ggc acg cag aac gaa ttc atg cat gga gat aca cct aca 
asp val ser phe ser thr arg gly thr gin asn glu phe met hi s qlv asp thr pro thr 
541/181 ~ 571/191 

ttg cat gaa tat atg tta gat ttg caa cca gag aca act gat etc tac tgt tat gag caa 
leu his glu tvr met leu asp leu gin pro glu thr thr asp leu tvr cvs tvr glu gin 

25 601/201 631/211 — 

tta aat gac age tea gag gag gag gat gaa ata gat gqt cca get gga caa gca gaa ccg 
leu asn a sp ser ser glu glu glu asp glu ile asp qlv pro ala gly gin ala glu pro 
661/221 691/231 

gac aga gec cat tac aat att gta acc ttt tgt tgc aag tgt gac tct acg ctt egg ttg 
jU asp arg ala his tvr asn ile val thr phe cvs cvs Ivs cvs asp ser thr leu arg le u 
721/241 751/251 

tgc gta caa age aca cac gta gac att cgt act ttg gaa gac ctg tta atg ggc aca eta 
cvs val gin ser thr his val asp ile arg thr leu glu asp leu leu met gly thr leu 
„ 781/261 811/271 

35 gga att gtg tgc ccc ate tgt tct caa gqa tec gag etc ggt acc aag ctt aag ttt aaa 
qlv ile val cvs pro ile cvs ser gin gly ser glu leu gly thr lys leu lys phe lys 
841/281 

ccg ctg ate age etc gac tgt gee ttc tag 
pro leu ile ser leu asp cys ala phe AMB 

40 Compared to the GenBank sequence of E7 (SEQ ID NO: 64 65) shown below, three C-terminal 
amino acids have been deleted. 



55 



WO 2005/047501 PCT/US2004/005292 




WO 2005/047501 



PCT/US2004/005292 



oooooooooo oooooooooooooooo o o 

OOOOOOOOOOO^NOOOlD^rMOOOlD^fMOOO^TtNOOOlO^fNJOOO^D^tNO 
O^^rNJO00^^rxjO0)L0OrHr\irNr^ 
COrHrNrn^^L^(^r^«)OOCr>rHrHrHrHrHrHrHrHTHr^ 



?3 



o 



o 



Ji 



CD 
O 
P 
(D 

& 

CD 

PJ 
O 

1 

o 



g 

0 
a 
m 

00 



o 
p 

i 




rtoiuupuufd+JrtUDj 



o 
1^ 



Cn cn Cn cn rd rd U Cnp rd P 

OS U U P P P Cnp Dl C51 U w i v ; n r. i") fn i n 
cn rd rd U rd cncn cnp P U P <j ^ S i j H H H? in » j , , n 
rduppprdrdPP cnrd rthgHyKliSSHhH>«,,)rn 

Ed cn< ua[J^p<jJ3p^<u<jj[j 



U<UUUn 



rd cnp diu o)U+j o) 



I u < 

: u 



urdrdrdrdcnupcncnrd cn< y P £ ?S S H S5 f£ y ,15 n i i in 

cnrd cncn cnp cn cn cn rd P o>3 P P h Si h ^ SJ 52 b H2 H ^ t ^ 
uunJ cnp p p cn cnp pp^L9pUe?UU<iJU<iJiJU<P<:<e? 



uuuuuu<uuuu 



p u u 



- a O <J u 



u u 
u u 
cn u 

rd P 

u u 
P rd 



U<U<Uh<S 1 n 



b h; h: & Si h b Si y 53 ^ w r= 

rtoJWrt rtUtdnJU chcd cdlT l3h UUUUUhU UUh Ou 



> CD I— _ 

cnp cnp rd u u cnp cnuiJS< 
p u u rd u cn cnp cnp u E-H 

p rd P U Q)U+J Dirt rt P uS 



uu<u 



UUUU}JUUU<UU<<U<Uh<u3rtS 
• ' — ' ■ - — ■ - g <J U < 0 <J r • 



< i 

cnp PoidrdQrt+Jrtu cn3 Uhh' 
P P rd rd OinJ DiU4-> U OiU^ 



UhUU<U<£UU<fUUhUUhUhl-< 
"hUUhOe3UUUUUUhUUU<U 

uu<uuuhu<<e?hljuhu3u 



upoi+J+J+Juurt cn cn u 
PrtUnJ^oiuniuup cn^ U U 
rtrtoiutdcou+JUrtU cnrS & < 
fdtdupuu cnp u cn rd u S; < id 
^urdPPUrdcnrdupp cn to - * 

m +j oiu cnp 



P<|-h}-<<<UU|-l3UhUUOU(J<UU 



^ < H U O U U ' 
6 < U < O 



P cnu rd cnp tduurtu cnb <h<hUUh<U hUUUUU 
cn rd Cnp U P rd OJUUD)U^(JiJHbu|-UUUhUhUh< 

U U U rd u P P P U U U tj"^ 

cncnuuucnrdPUrdrdhSSSbfeu<bu<uSb6tf 
uupurdcnucncnu cn^ < S < u U h- U < U S < U h- § 




< U O U rd cn 
^ ^ SJ 52 rt CT 

< ^ !5 < 4-» u 

O < < U +J U 

u < < cn U 

< < <J <J rd rd 
UUUU.rd cn 



UUI-<U 

g < <; I— 



_ , u u u 



L!3 < 



O 



4-» 
U 

U 

rd CD , w , _ w , lw w ^_ lw _ _ 

cnrd+J cn rd cn-P -P u u rd P < in 

UPPU rd cnrdPP aiuh^LC 

r? a H S S - ^ 



i < KD • 



uuu<uuu<u<u 



P cncnrd U cnrd rdp 



cn rd up upuppucnuO^ I 5 H S S ^ H ? 
cncncnp u rd P cnrd rd rd cn< ^r-^W-^^U?^ 1 



cn 



H W U - 



+j o>t* u o 4J «s 43 a.tnrt o 5 3 s j£ ^ h g b n 5-» h 55 5 y h p 

y^+ Jf oyi-(injuui-<<w< 

' * " 13 p ^ U j< H C3 p 




uu<uu 



IbtSS 



cn cnp p p rd 



upurduuurdcnrdPUP^S 
upcnrduuuupuucnrd^ 
u cnp p cnp u cnp u p rd cnS? 
PPUPupcncnppup cnr- < 

„ U O) - 
O p p 
^ rd cn 



u 

rd P U U rd P cnp rd cn cnh" H U < U 
rdPcnrdPUUucncnrdbr^^SSP 



u 
u 
u 
cn 
p 
p 
p 
cn 
P 
P 



<uu<uuwuu<i-uu<uu5u<<3' : 

l3UUUl3r-UU<UeJUhUh<Ur-<3h 

^b3f^y^^i=^^5sEby^^3§!55 




u u e? u 



UUWUr-UUUUUhOr- 

^ - 



; < j3 < o w i- 

p H e? u u < u 



H H U U < U 

_ _ ,.. w . . w w w w Wi w , lw . , , . <u<<uu^tl^<u O Cj u P 'j? P O <f »J -j? o 

cnp cncncncncnrd cnrd rt^^gUhUhg<^JJ br^P^SjQ^^^-^^^yb^Q^^^ cn 
rdp rd rd P cnrdP rd cnu U uhU^UUr-hUh <r U ' — — v 

cnu rd P rd cnrd UP cncncnrdUUUUlJ<J<UU < U 

cncncnyrdrd u Urdcnrd rd cn<C W |— 

- < _ 
rdrdUUp<Quue? 
)UPUrdUO<pU< 



• u < e? < Kd kd 
i < \3 < (3 ^ < o i 



cnpprdrdPUPcnurdrd 
uurdcnprdcnpcnrdPU 
PUUPCnrdPPPrdrd- 7 _ _ _ 

rd u cnp cnurducnuPurdUU<UU< , _ _ 
cnp PrdUUPrdUPrdrdUr-<WHUUU<UJ _ 
cnupp rd cnrd cn cn rd P cord < W < (J hUU l3 U <U 
U cn rd P P U u cn cn rd U rd u O KJ P U U - ■ - — ' - - 



w^jj<^'; h 1 9 ir c| C2 < - j P , : 



.yuu<ijuh3r-u 



_ cn 
O O U p 



. < LP CD 



rdPrdrdPrdP cn cn rd P cnupU< 
CnuucnurdrdPP rdcncnrdUu< 



_. Mm. ... 



e?ij3h-^^p<:<h-<u<e?e?e3 ^ 

U<<U<r-U3hW(JUUUWUO 



oo^^r\!OooLD^rNJOoo^^rNOoo^^rNiooo^^r\jooo^^rNJOoo^^ 
rHrNry^^^Ln^r^oooocnOrHrgrvifn^in^ior^oocn 

rHrHrHrHrHrHrHTHrHrHTHrHrsirsirvirsifsjfNirsJrNJfVJr^ 



o 

CN 



to 

CN 



o 

CO 



CO 



o 



WO 2005/047501 PCT/US2004/005292 



oooooooooooooooooooooooooooooooooooooooooooo 

OO^^fNOOO^^-fNOOO^D^rJOCO^^-fNOOOtD^tfMOOO CD ^ CM C3> OOtO"st"PsIOOOCD , ^*fSlOOO<X) , ^l-fSl 
cNim^LntDt£>l^c^CDOOrHrs)ro^^Ln^r^ro 



u cd rd u njcd-P cd cd P u rt (d U a3 f U a»P ou cdp 4-> o^wenu -M cdp p u rd cd P rd aj+Jp u U 
CD rd cnu |J ^ P CD rd u CD CD CD CD rd rd cn+J U Dip ^ rd P cnP cd u ctf rd u U CD CD rd p P u cd P cd UU 
nju-MUPaJaJc^cnrtnjtti enp tticnrtrtcnurrfrtrtfd^njrtrt+JUrtcnfdPuuucncnfdPcricnc^ 

U U CDP CdCdCDcdCDcdUcdPU CDP cd U U CD U P Cd CDP P U Cd CDP- » CDCDCDUPUCDCdCd CDP U CD CD 
Cd Cd U P CDP CDP P P CD rd rd P P U cd Cd P P P CD rd CD CD U P P P ^> Cd P CD U P P P U Cd U CD CDP CD 

CD cd CDP P P CDP cnuPrdCDUrdrdCDrdUUrdCDO^UPPrdCDUcriUUrdrdCDCDCDUUrdrdrdUrd 

CD CD Cd U P P CD CDP Ucdcdcd CDrdUcdcdCDUPU UPPPedPULJ cdCDUPUcdCDCDCDcdcdUPcd 
CdrdUCDUUPrdCDUPUrdP CDP CDCDCDCDUcdPP U CdP CD rd P-» UPcdcdPCDUcdPCDCDPcdCD 
U Cd CD CD rd P P U CD U P CD U U P CD U U CDP CDP PUrdUCDCdcdOUP CD CD CDP CD Cd P CDP U U CD 
CD Cd U U nJP+J^J rd CDP P cd CDUP U CDCDcd UP CD CD rd CD U rd rd U+J CD U CD CDP CD CDP P rd P U U 

CD CD CD U rd CDP CD U U rd P rd CD U P CD rd rd CDUP CDCDUP CDCd CTP cd U U U cd U cd P CDCDcd cd trj U 
CDCDUCDCdUcdPUUPPCDUU CDP CdUUCdU CDCDU U CD P OIP P CD U U P P P UP Cd Cd P P CD 
CD U rd U rd rd CDCDrd UPPPP CDUUUP CDCDCDCDP U cd P rd CD ^ P U cd cd CD CD CD CDP U cd U P cd 
P CDP P rd U CDP rdPPUPrdPrdUUcd CD CDP PPUUPUUiCDCDUrdPPUPPPPrdUUU 
CD CDP PUUCDCDUCDPCDcdcd CD CDP cd U P U CD U CD rd P U CDP CD CD cd P CDP cdUpUPcdCDU 
CDCd CDCDUP cdP CDcdP CDCDU CD U U U CDCd CDUP CDUP CD rd CD U CD CD U CD rd P P P CDP U CD CD 

CDCDCDUUCDcdcdcdppcdPrtupcDucduoipUcdupcdcdrcj4^n3cducDU 

CDP P cd U rd P rd U cd P P cd CDUUPcdCDUPU cd rd UP CD CD U P-> P cd CDUPU CDCDP rd rd CD rd U 

P U CD U Cd CDCd CDP UPUU cd P CDP CD cd UCDU CD rd CDPcdCDU Cd Cd CD U P Cd Cd U CDCDCd Cd CD u 

CDP CD U CDCDP CDCDU rd U CD U CDP U U cd cdPP CD CD U P P UP P cd rd P CDCDcd CD CD CDP P CDCDcd 

CDP P CDUPPP Cd Cd CdCDU Cd P CD U P CD CD CDP CDP P P U U P cj p cd CDP cd P UPP U P P CD cd 
CD U CD U P P P CDP cd P CDP CdUPcdPUPCDUUcdPcd CDCDP CDCDP* CD U U CDCDU CDP P CD U Cd 
CD CD P P U CD rd P P U UcdP UUU Ucdcd CDCDCDCDPUUcdcdU CDCDCd U P CD Cd P CD CDP cd cd P 
CD CD CD U U U CD U Cd CD rd CDP Cdcd CDP U CD U P U Cd UP CDP CDCDCDU U CDUUU CD cd U CD U UP Cd 
CDP CDP Cd rd P P Cd Cd CDCDCDU CDCd U U CDP UUCDPPcdUUUCDCDUcdCdPUcdPCDCDUPcdCd 
P Cd CDP U CDP P U UPP U CD U U P U P CD CD rd P P CDrdP rd U CD CD rd U CD cd P U CDCd CD P rd CD U 
UPUPCDPPrdPPUPPCDUCDrdCDUUCDCDUUrdrdUPUPJrdrdPUPrdCDCDPUrdrdUCD 
P UCDU CD P P rd U CDCDP rd CD rd U U P P P U P P U CDP U rd CHP cd CDCDU CDP cd P CD rd CDP rd rd 
PPCDUUPUPPcd CDP CDP CD CDP U cd UUUP CDCDcd cd U P ct3 cd CD rd P CDP p p CDP rd P P U 
rdUUpmuPPrdPPPCDUrdPCDUCJiPCDCnuuPcdcrirdUPJUrdrdPrdUPPPUPUUP 

+JC^aHJPUPnJU.|->nJ+JrrjfrJtdPPaJPrt OiDiP U U rrj U nj rtj CTP UUCnPUrrJrtUpUCnttJrrj 
UCDUUPUcdrdCDcdUUCDCDUUUPrd CDP CDP CD CD U P U U U UPP CDCDCDP CDP UP rdP 
P CDCDUP CDP CDP cdUCDPPPUU U CD CD CDP CD U P rd CD rd P CD rd CD U UP»U CD CD U P rd rd P P 
ppcduuuuucduucDcdcdCDPPCDCDcdPcdcducduuuup-'UCDCDUUCDrdcdup'ucdcdp 
rd CD cd P CDP p CD U P U cd CDP P P U CDcd CD U rd CDrdUPUrdCDP-»Prd UP CDP UUrdUPUCDrd 
UCDPPPPCDUCDUCDCDCDUPCDPUUUcdCDUUPPrdUUP-'UrdrdUUUrdrdUPPUrdCD 
P U P U CDP CD rd rd P U CD rd CDP U rd UP CDCDU rd U U P P U CD CD CD rd CDP' rd CD rd CDU rd U cd P cd CO 
CD CD rd P rd P U rd rd rd U rd U CDP CDCDP rd CDU CDCDPP cd cd P P CD rd rd U U U U P CD rd CDP P CD U 10 
PPUPPPPP cdUPCDcd UP CDCDcdCDUP cdp p rd rd p P P uupcDPUCDrdrdPrdPPU 
CDCd CDPP CDUP U CDUP CDP U CDrdCDUrdrdUP rdCDrdCDrdCDCDPCDrd U U rd CDrd rdP CD CD CDP 

CD CD U U P CDPP CDPP CDcdPP U UPP CDU CD U CD CD U P Cd U CDCd rd Cd CDCDCDP CD U P CD Cd U U 

cdCDCDCDcducdcdPcdPcdCDcdPcd cdp CDUPCDPUCDcduucDaSPurdPPUucdrdUfdupcD 
P cdcdu cd rd p cd cdu rd P rd P CDCDCDUPUPPPPCDUPcdP cdcdu cd cd cd u cdp cd u cd cd cd cd 

CDCDUP U CDU rd P CD U CD rd UCDU CD CDP U rd P UP UP CD U P nd CDCDcd U rd U U U rd P cd CDU U 
cd P CDP UcdUcdCDcdUcdUCDUcdCDUUCDCDUUPCDcdPPrdCDUCDUPUCDUcdUcdcdPUU 
CDUrdPPPUrdrdrdUrdPCDUUUrdPPCDCDCDrdUUrdUrd CD CDrdrdUPrdCDUCDCDrdUUrd 
P CDP UP rd rd U rd rd CD CD rd cd UUUPCDfdPcd U CD CD CD U CDP CD rdrdUUUUrdrdcnrdUPUU 
UPCDU CDCDCd CdCDU UcdCDCDCDCDCDcdCDUUCDPrdrd cdPUP CDCDcdP UPP UP U CdP CDPP 
prdPPCDPUcdcdCDUUPcdUCDPUU CDP rdrdCDUPrdUrdUJ UrdrdPPPCDUUCDrdCDUU 
CDUUUCDUPPUPPUU CDCDP CD CD U UP rd P UUcdPPU CD CD U U UP CD Cd CDP rd P P rd CD 

P CDU CD rd U UP CD Cd P P P CDCDU CdP CDCDP CDUcdPcdPcdfd LU CD CD CD CD U U U CDCd rd P P CD U 
PCDUUPUcdP CDP CDP cdPCDCDcdUcdUPPPUUUUPUCDUcdcdcdCDUCDUCDUcdUPcd 
cd cd CDUP CDU cd cd CD rd Cd CD CD CD CD CD CD rd CDUUPP U CDP P P CD CD CD rd U U CD rd P P CD rd u u 
U UU UPUcd CDU cd UP CD CD rd P U CD CD CD CD CD U cd P cd cd CD U nd P P U CD CD U P P P U cd CdU U 
CD CD CD CD U P Cd P CDCd UUU CDU CD CD U CD Cd UP U U rd rd P P rd a3 U CDCd CDCDU U U UP CD Cd CDU 
UrdUUUrdUUCDCDU CDP P CD U CDCDP cd UP CDU CDcd CDP cd L-> CDP CDPPUrdrdPcdPPPcd 
P P rd CD U U rd CDcd cd CDcdPPUP CDCDcd U CD rd U CDP P P rd P UJ CD rd P U CD rd U cd U CD rd CDP CD 
cdcdUcdPUcdcdUUU CDP U CD rd P U cdp cdp PPrdrdcdcdUcnuuuuucdUPCDCDUrdCDrd 
U cd UP rd CD CD CD U CDUPP CDrdPP CDCDUP rd cd U CDcd cdcdCDCDP cd U U CD CD CD U cd rd P CDcd CD 
CD U U U U CDCDP UCDPUrdUUUCdPUCDCdCDUUCDCdUCDrdC-JPcdUUfdUUUPCdCDPPU 

P cd U U CDCDP rdUrdUpUUPCDPcdPCDrdPCDcdPUPP CDP CDCDU U cd cd P CDCDcd CDcd cd CD 
P CDP U CDP UcdPUcdUUCDCDCDUcdUcdcdCDUcdUcdcd CDP 1 nd UrdUPCDUcdCDCDrdPPUU 
cdcdcdCDCDCDcdcdUCDcdUPCDPUCDUcdUcdUCDU CDP UPCDrcJP cd UP CD CDP P P rd P rd u u 
rdcdPUCDcdcdrdCDcdPCDcduuCDPCDPUCDUcdU cdp P cd rd CDCDcd cdp cdp P cdp cd p p P rd 

cd CD CD CD U P cd cd CDUUPP U CD U U P CD CD CD U U UUCDUP CDP CDCDU CDU CDU CD CD cd P rd rd P 
CD CD CD Cd P CDU cdcd UUU CdP CD CD CD rd U UPcdCDCDUCDtdUPrcJ U CDU UPPcdPcdCDcdP U cd 
CD CD CD U rd U UPU UUPP U U cd CDCDcdP CDP U U CDP cd U rd nd P rd P CDP CD CD CD CD rd CDCDP CD 

cdPCDUcdcdppuuuucDpuuppupcDUPfdUfdcdPfdpJUUUCDUPUcdcducDcdPP 

CDP CDCDCd UP CDUP CDUPPP CDU U CDCDP CDP CDCd cdUpPPJ CD CD CD rd UU Cd Cd Cd CD CD Cd CD Cd 
p rd rd P P P CDCDU U U CDP CDP CDcd CD rd P rd CD rd UCDPUpuad UU CDU UCDU CD rd U rd cd U rd 

Cd CDPPUPPPP CDUUU CDCDCd CD CD CD U UP CD CD CD rd P CDU UJ CDCd rd UP CD rd P cd CD rd P P U 
Cd CDU UP CDPP CDCDU U CD Cd P CDCDP U CdPP U Cd CDP CDP CD CD P cd P Cd U CDCDP Cd UP UP CD 

cdcdPrtucDUcdcdcdPCDcducDUCDcdCDcdrdCDunjuppupP-'UPcdPPPcducDcdPPPP 

cd CD U U CDP p p rd U cd CD CD CD U rd rd U rd CDP U U U U UP CD CD UJ CDcd U cd P U cd P CDP CD rd rd U 
PCDCDcdcdrdUUcdUUcdCDUUCDrdPCDUcdCDPUP CDP Cd CD CD u CD u cdp cdp P up U CdP CD 
cd CD CDP cd CDcd U CD u u CD CD rd CD CD CD rd u u rd rd u cd P cd CDP CD nd P CDP cd U cd CD CDP cd cd U UP 
cd CD CD U UP CD CD CD U U U U U U rd CDUP CD CDP CD CDP U CD rd CD UJ U CDP Cd U Cd CDCdP CDUPP CD 
P CDCDCDP CD CD CDP P CD U U CDU U CDU cd rd U rd U U P CDP UP U cd CDP Cd CDU U CDU rd P rd CDcd 
U Cd P U CDCDP U CDCDUCDUP CDCDUP U UUUU U CDP CDP UCDCDCdPPUUUcdUUUcdPU 
U cd U U U CDCDP PrdUCDPPPPCDrdCDUCDrdCDrdUPPCDUPJPUPrdUPUUrdCDrdrdUU 

5 

cn HHHHHHHHHHHHHHHHHHHHHHHHHHHHHrHHHHHHHHHHHHHHH 
i Oco<i)^rvioootX3^r\iOK)^^(NOoo^^rNJOoo^^-rNJOoo^D^ r\i oooiO^-fNJOoo^D^rMOooto^- 

w r\Jr\jr^TtLn^^NWCDOOHrNro^^Ln<^r^ooooc^ ^DtDNoocnooHrNJcn^t^-inrx) 

cnj rncY^rncv^cvirYicYicv^cr^cYi^^^^^^^ la lolt> u~> inininmin^^i^rxJO^yD^DiD 



ir> o */~> o ir> cr> to O 

t— i « CN CN CO CO ^ 



WO 2005/047501 



PCT/US2004/005292 



3 



OOOOOOOO 00 
OOO^D^-lNOOO^Orl 



U P 
P rt 
+J u 
0>P 
rt P 
+J U 
en cn 
rt cr> 
rt P 
p rt 



P P 
u rt 
u u 

4J 4-J 

cn cn 

CD4-J 
U U 
P rt 
P P 
U P 



cnp u u 

rd CD 4-J 4-J 
Cn C7> U U 
+J CD+-J 
P P rt -P 

cn cnp rt 
rd u cd+j 
rt P cnrt 
cr» cn u u 



PUP 

cnp p 

cn cn4~» 
uurt 

U rtJ Ol 
nJ +J 
cn rd u 
U 

cn cn rd 
cn cn u 
u P u 
cnp u 
p rt rt 
rtuu 
4J 4_» cn 
cnrd p 
P u cn 
cn+-» u 



rt rt 
cn cn 
u cn u 

OUP 

cn cn cn _ 
cn nj u£ 
rt cn rt 00 
rtP Oi 
PrtP 
rt u u 

rd P U 

cn u fd 

OlP U 

cncnu 
fd 4-J cn 
rdPPp 
fd cn^ 
fd 4-J cd 
fd P rt 
rd cn fd 



cn u cn cn rd 
cn+-J rt P 4-J 
u u fd u 
u cn rd m rt 
cn u rt u cn 
4-» rt rt cn rt 
4-» u rt rt cn 
cnP u u p 
P cn cncnu 
p p p cnp 



up u cn rt 
cn u cn cn cn 
rt a rt u 
cn u u u u 
rt u cnp u ^ 
rt u p rt uo 

rt rt rt P P^ 5 
olrdfdPP 
PP rtPP 
p cn rd rt rt 



rt cn oi 
rt cnp 
P P P 
p cn cn 
rt u p 
p p rt 
u rt u 
P u u 
cn cn u 
rt cn u 

u rt u 

UUP 

Ari rt rt 
rt P cn 
UUP 

u cn rt 
p p u 
u P rt 
u rt p 
cn u P 



rt rt 
P u 
P P 
cn cn 
cn rt 
P rt 
rt u 
u u 
p rt 

U rt 
rt u 
u P 
p u 
rt rt 
P P 
p cn 
cn rt 
P cn 
cnp 



p P 
u rt 
rt cn 
rt u 
cnp 
rt P 
u cn 
cn rt 
rt u 
p u 



u u u 
cn cn rt 
cn rt u 
rt rt cn 
rt cn u ^ 
cnp cno 
cnp u ^ 
rt rt u 
u P P 
rd P P 



rt P rt rt cn 

u rt rt P cn 

rt cnrt rt cn 

u rt rt rt cn 

u cn u u rt _ 

cnp cnp pO 

u +j rd p rt 

cncncnp rd 

U 4-» P P rt 

u u cnP u 



u u 
u cn 
p P 
rt P 
P cn 
P P 
p P 
u cn 
rt u 
rt rt 

U rt 
cn u 
p cn 
u u 
u cn 
p P 
cnp 
cnp 
P cn 
cnrt 



cn rt cn 
rt u cn 
cncnp 
u u u 
cn u rt 
cn cn cn 
rt cnp 
rt P cn 
u P P 
P cn u 



rt cn 
p u 
rt u 
rt rt 
p P 
rt P 
cn u 
cnp 
cn rt 
u cn 



cn u rt 
cn u rd 
P P rt 
u P P 
P U rt ^ 
P P rt O 
P u rd^ 
cn rt rt 
u P rt 
cn rt cn 



rtrtPrtcnrtUrt 
cnrtPPrtUPP 
Kj4^^rtrtuu^-> 
rt cnp rt u rt rt P 
rdrtuupuprd 
u rt cnp u P rt pO 
u cnp cnp p rt cnf^ 
u rt rt u u P cnp 
pucncnrtuprd 
pprtcnrtrtPrt 



rt P cn 
rt rt cn 
cnrt u 
rt P u 
u P P 
cncnu 
u rt cn 
cn u rt 
rt u u 
cncnp 



cnrt 
p p 
P cn 
cn u 
u u 
P P 
rt rt 
cn u 
u u 
u cn 



u rt P 
u rt P 
u cnp 
cn u p 
P cn u 
P cnp 
u cnrt 
P cnu 
u u cn 
cnp rt 



cncn 
P P 
rt P 
rt P 
rt rt _ 
cnpO 
cn rt ^ 
u u 
rt rt 
u P 



r-lr-4.v-irHr-!r-lrHTHr-IH 

f\iOoo(i3^r\iooo^^ 
r^oooocnorHfxirvt«YW 



ooo 
O r\J 
oOHNm 

p U< H 

e? u u < 
< < < u 
o u p j3 .< 

MUh' 
U r» 

P ^13 13 



oooooooooo 

^f-fNJOOOCOTt-fNJOOOlO 

OrHfNirNinn-^LntDtor^S 00 
OOOOOOOOHHHHHHHHHHjNO 
o oo to vr- rsi o oo vo ^ o 



o 



o 



< 

uu<ej 

U < U P 

"a < u < 

< < <J? < 

b b? < u 



^- in ID N oo oo u 
P P < < U <J3 rtlp 
< p P <U < (J p 



(J<<ue3h<h alp 
P < < P h- O < < ex jj 

ue?u - < < < rj 



O < ID P 




U P 

< <J 

r- 1- U? < *£> 

< U < < U> 

UUhh< 
O U < H- 
|- < < & & 

5 p < p 
U P u < u 

P P U r- U 
UOh<U 
Ohh<hU 
rvj < < H C 



U 

a H P <C 

uu<p. 
p u U P o 



00 CD < 



S oo oo o r-j rvj fvi en its vg r^; oo crj 



in 



o 



04 



O 
CO 



CO 



o 



WO 2005/047501 



PCT/US2004/005292 



oooooooooooooooooooooooooooooooooooooooooooo 
coLO^rviOoo^^rsiooo^^(NOco^^r\tooo^^o40oo^^rsjooouD^NOoo^^r\iooo^ 

rMr^rsjrNjrsjrsifNj(^rsjfNjr\jrvjrnrnoorY^rnrnrn 




u u u < < < 



u u 
u o 
u u 
u u 

H O 



< < u 

< p < 
u h a 

o o H 

U O O 
U < < 
Uhh 




bu 

H < 

U U 

Kj < 

O H 

O U 

u u 
o < 

< o 

UH 

U O H < < O < 

< U O U U " 

< o o < H 

< u u 3 h 
o u u < u . 
o u o < u < 
u < u < < u 

ottSuooSot 

OOUUO<<<| 

HH<U<H<U<C - 

UUUhhhUh<h 



<uue? 

HUO U 

b^ys 

H <j7 1— p 

U O O < 

o < I- o 
< u o u 



o < u u 
< u < h 

OHO 

o < o 



U < O 

H (J? U 

< u u 

< o u 

o h u 

< < o 



(J u < 
uuu 
H < o 
o h u 



UUhh 

u u o u 

U(Jh 
< U < 

o < < _ 

UUHU 
U U < H 




bUh<hhh<UU 



o 



u I 



< O < H < 



1 <C H | 



O < H H 1 
U H U H 
<hhhi 



< < U < - <UhO<hW 



^6 



u o 



U U U U O H _ - _ 
HOppH<CHOOOUH 

H o " ' ' ~ 1 ' * "* ~ 
u < 




o 




u u u u H 

< H H H O 

< U U < O _ _ 

_ , _ . < o u H u u h 

HOHOOOOU<HH 
OUH^UO<UHOU 



hUh<U<<f 
H<<<HU< 

^HHU<OHO 
OpUHHHU< 

H < H U U < 

u < h o < H u 

< U O ' 
<? j£ U 

a (J? H U < H < 




U U 

<o < u u < < • 
<o u u o u u <5 
< u h a < H 
H < u O o H < 
<HHH<UO 

U<HU<CHOHi 
UUhUhhUH 

— <u<ouh< 
-<u<o<l-ui 
-<ouuou< ( 
-Huuu<uu< 
-<uhuu<o 

3bky2£t=5: 

U<hUUUUU 

huu|-hhu<uejahu< 
<u<<ooouu<;<;<u<;h 

h<<hUU<fhUph<e3< 
H O O U H U < - UhUUU< 

UUU<U<hWW<<<Ul5 



i < < U < H 
1 < H O U H 

j < e? g e? u 

; < t> u o o 
H H u u u 

h<UUh 

: I- u u h 




UU<UUhhhUUh 
H<UhUOUU<hU 

uuu<ouhouho 

H < O U H U < • 
U U < < H H O 
< H U H O U U < . 

u<<oouohuu< 



o H u o 




IE 



HUHHHh-<UUU< 

oh<u - up<uui- 

0<HHHOhuppu 



U(JUhUU - U 

pul-<<uuu 

Uh<hUhhU 



o o < o 
«c o < u < 
< < o u < 

— o u < o 

- H o < o 



HUUUUUUeJI O U 



H < < H U 



H o h < < h h 
uau 

00kpuP<uh-<:H<< 
OUUHU<<p<" 



— i— v-/v^r— - w u 

e? <hhu - hu 

uhH<uej(j - < o 

U H U H H < O -OH 



0<OH<C<OHUOUHU<UHe>HOe?OU^OUUUe?<UOUUH 
^OOOUO<UUOHUUOHt-<^^OOO^J<<HU<HOOUH< 

HHoe?uuHUHe?e?<HHe?<H<ue?o-<ue?<HOe?<e?H 
_PHHHUHHUOHU<pH<UOUOH<Ha<0 
•pHOOUUH<O<UH0-<<H<UHHH" 



u u o o . _ . , 
UOHHHUUU 



o o H e? 



. _ . _ <<UHU(J3< 

e?OUHUUUU^HHOOOHO - UH< 

uh<a<hi3<uuuhue)e)uh<<h 




H o 



O H H H 
U H U O 

< O H H 
O U U H 
KD O < 

o e? u e? 

H U? h U 
U < H H 

H <J U O 

6bbS 

< e> u l- 



uuu<uue?<< 

-HOUHU<OH 

- H U O < O 
< u < u o 

UhO<U 
H H O < H 

3H < G < 
< H < H 




tb 



O O < H < < U 

-OHUUU<OUUi 
-U<UHOOU<U ( 

-e?o<ouHo| 
uu<uu<<u 



I U U U H _ 

; j 8 E b p . . . 

iH<UO<<C<^?OOHOU 



UUOUUUI<<UhU< 
J UHOHUU<UHM 



jU<i 
-<oHouhoh^ ( 



< u u S-> ^ < 



^5 < 



:UUO<HO<HHUU<<U<U 

r u < h < u < < 



ih<hOUU 



< u 

b^ 

u u 




<? <C cp <j 



o < u 
<^ u o 
< H O 

o < < 

U H < 

u u o 



e? u o 
u < e? 
uuu 
uuu 
o a o 

U H 
OHO 
o u < 

ys8 



O H U 

u u o 

< H H 
H O < 

< o u 
u u o 
o u u 

H O O 

u < u 
o < o 



< H u 
o u u 
o o o 



H O < H 

<C u u < 

o o o 0 

< < < H 



uuuhu<ou<uhoo<huooooou< 
ooouh<ho<uuuouoouo<uhcju ^ 
<uuu<uuoouohhouooh<uHouo 
H<ouu<o<;<:o< - Huhuo<uo<uoh 

<U i <HU<<UUUO - UO<HUOHOHHH< 



;uh<ooououh 




Uh< WO 
H < O U LP 

u < o o 

O H O < 

u \- o o 
U <f u u 
H O O O 



, O < I 

< u < u 

U H U O 



< H H 
o < < 

< O H 
H < U 
O U H 
H U O 
O H < 

uuu 

H O U 
O O H 



p u u < 



< p u • 



< U U O O H 
O H U O H U 

< < o o o < 



H I — 
U LP 

_ O H < U O H- 

HUOHOHHH<<<<UOuD 
koOUH<<UO<<<OOH < C 

- , _ _ , ^ , 3 , _ _ O < H O H H O H o 
HU<fUUOOOU«^U<^OU<U<<OH<U<C 
~<UHOHUOU<U<UOUOHUHO<H«i 




<<UUD w _ _ 

t=^yyss3^ 



: u u 



h O < H I 



uuuuoHuoHu<;uuu<Huu<fOuuo 

^ U < U H p U H O f-j ^ H O ' ' '' 



U o 

by 

U U 

u u 
u u 



U I 



O U H H H U < 

O U U U U H o 

H U < < H < H 

O < U < U O ' 

U < U H O O 

O O O U < " 

< U U U H 

< < H O O 

o u < o o 

O O H H H 




HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
Ooou3^rsioooU3^NOoo^^(NJOoo^^NOcovo^r\jooo^^NO oo^^rgooo^D^rJOoo^ 
OOHfNjro^^iniPNooooa^OHrsjrsirnTtinioiDNooc^OOHNrn^^incDNooooc^OHN 



O 
CN 



CN 



O 

CO 



wo 
m 



o 



WO 2005/047501 



PCT/US2004/005292 



OOOOOOOOrH 
OOO^D^rNOOOlDfM 
lOtONOOOlOOHfM 

u < < u u h- 

I- H < W 
KD KJ < U 

e? h- h- u , 
uuuauh<h 

bUUhUU<< 

<u<f-uh33 

UUUUhl-U^U 




o 



E 



hh<f-UUUh 
UhUU<^<U 



u 



u U " 



UJUUUhUUhU 



E 



i < rr H < < ' * " 
I- h- < < u u 
<J H < r- H p 

(J? U U U h U 

uue?<ui- 
h<hhuuuuu 

U<U<1-<U<U 




<<UUUUU 

aigg 




<uh<ue?uhu 




uu<uu<t<f<:u 
guSu,<SS f 



< < u h < 
huhuu<<<u" 

UH<<UU?UU< 

hul-uul-< - 

<hhUUhl << 

U^UhUUUhUf 

h-UUU<<Uh-|-" 



UUhhU<Uh' 



; h; ^ u e? < i 
' < < 0 . 



!8bl 



tHr- JrHi—Jr-lrHrHrHr-l 
(MOOO^D^NOOO^ 
i^tOtDNOOQOOH 



CO 



o o o o o o o o o o o o o o o o 

OOOOOOOOOOO^NOOOIO^NOOO^^NOOO^^- 
0OHf\Jm^^irtiDN.OO0OCnHHHHHHHHHHHHfN(N(NfNJ 



— (J CDP P u u cdcdcd rd U U rd 

U+JDirtPPrttd^nj+JU u 
u td u U u+j^j oirtp rd 

C04_i4_j rd U CD rd CD CD rd P una rd 

PfJ diu a)P u rt+J ucd u 

Difti u td U DU GU U (d P 



u cd 
cnrd 
CD rd 

4-> CD 
U CD 
rd U 
CD rd 
+J rd 
rd CD 
rd 4-> 



P rd P 
rd rd CD 
rd rd U 
CDP P 
CD4-» P 
CD4-> CD 
rd rd U 

u cn u 
CD CD rd 



U cn 
CD 4-J 
rd u 
rd cn 
U rd 
U cn 
rd U 
cn u 
rd cn 
rd cn 



rd cn 
cn rd 
rd 4-J 
4-J u 
u rd 
rd P 
rd U 
cnrd 
rd +J 
rd cn 



CDU rd P 
P P CD U 
cn rd cn rd 
cn cn rd rd 
rd cnu cn 
U P rd rd 
cn cn rd rd 
rd 4-> U rd 
CD rd -P CD 
rd u oip 



rd cn 
cnrd 
rd 4-> 
cn cn 
cnrd 
cnu 
P rd 
CD4-J 
cn u 
P rd 



rd U rd P u 
cdcdp u cn 
rd cnu p cn 
cnrd CDCDP 
U rd cn-H u 
P CD cnp rd rd 
N U nj u cnrd 
rd U U 4-J rd 
P cnrd rd cn 
U P u rd rd 



cnp u rd 
U rd rd U 
rd P U U 
cn cn u cn 
rd P rd cn 
u cnu rd 
U u rd U 
cn rd cn rd 
u cnp p 
rd cn-p p 



rd u n3 
nJ UP 
rd rdP 
cnp cd 
P p rtf 
P U M 
rd rd CD 
rd U LJ 
U cnrcj 
cn cnp* 



cn rd 
P u 
cnp 
rd rd 
P cn 
u 4-J 
u cn 
P» P 
4-J u 
rd 4-J 



cn cn cn rd 
4-1 cnp p 
P 4-J cnp 
cn cnp p 
rd rd 4-* cn 
■P rd U rd 
rd u cn cn 
cn cnp rd 
cn rd u u 
rd 4-J cnp 



cn rd cn 
rd cnp 
rd cnp 
u 4-J cn 
u 4-J u 
cn cn rd 
cn cn cn 
P rd u 
P cnp 
4-» rd cn 



u u u 
rd cn rd 
cnrd 4-J 
U P u 
rd U rd 
rd P P 
cnu u 
u u u 

U U 4-J 

cnrd cn 



u u -p cn 
P cn cn rd 
P rd P rd 
cn cn cnp 
rd rd cn rd 
cn u p p 
cnp p rd 
cn cn p u 
rd rd cnu 
rd rd cn rd 



cnp cncnrdP rd P cn 
U P u rd rd U U cnp 
u up cnu cnu cn cn 
PPP cn cn cn rd cn cn 
_ U cnp rd U P p P rd 
Ourd-PUrdrdrdPU 
^rdrdrdUPUPrdcn 
uuupupcncnrd 
u P cnp cn cnu cncn 
cnrdrdUrdUUPU 



rd P CD cn rd 
rd u CD cn u 
cncn cd cnu 
rd rd rd rd rd 
rd cn rd cn rd 
u cn cd cn u 
cnrd P* u 4-J 
u cn cd cn u 

U 4-J 4-» U U 
P u rd rd u 



cnp P 
rd P U 
U rd cn 
4-J U P 
rd cnp 
rd U U 
cn4-J rd 
P cnp 
PUP 
rd u u 



P 4-J 
U U 

u cn 
cnp 
P rd 
cn cn 
cn rd 
rd rd 
rd P 
cnp 



cnu rd 
cnrd u 
rd cn rd 
rd U U 
cnp cn 
rd cnu 
cnu u 
cnp rd 
rd cnu 
cn rd 4-J 



U cn rd rd 
cn cd cn cn 
P rd u rd 
cnu rd CD 
U cnrd U 
u cnu rd 
U u rd 4-J 
u rd P u 
U CD cn rd 
CDP 4-J rd 



cnu 
u cn 
P cn 
CD u 
u P 

CD CD 
rd U 
rd U 

CD CD 

cn cn 



P U CDU P U 
U P rd CD rd rd 
u p u u cn cd 
P rd U CDU rd 
_ U U CDP P U 
O CD U P CD U CD 

^ rd U rd rd CDP 

U cn rd u CDU 

U rd rd CD rd U 

P U U CD rd rd 



CDP rd u 
cnrd cnp 
P P u p 
CD CDU rd 
rd U CDU 
rd CD CDU 
CD CD CDP 
U U P CD 
U rd U P 
CD rd rd U 



rd U U 
4-J P» 4-J 
U rd rd 
CD4-» P 
rd CD CD 
rd U U 
rd P» rd 
CD rd CD 
rd U P 
u u CD 



U CD 
P CD 
CD CD 
U P 
rd CD 
4-J rd 
U P 
U 4-J 
rd CD 
U P 



Cnrd P 
cnu cn 
P 4-J rd 

CD CDP 

4-J CD rd 
-P rd rd 
rd CDU 
cn rd rd 
u cn cn 
U rd rd 



rd rd 
u rd 
cn u 
u rd 
rd rd 
U CD 
P 4-J 
rd U 
CD CD 

rd 4-J 



CD CD CD 

cnrd 4-J 
CD rd P 
U rd CD 
rd CD rd 
CDP rd 
rd P U 
CD CD U 

cnu p 

U CDU 



rd cn 

■P CD 
rd 4-J 
CD rd 
CDP 
U U 
rd rd 
CD U 
U U 
4-J CD 



CD rd rd 
rd CDU 
CD rd 4-J 
CD CD rd 
rd rd CD 
CD cn rd 
U rd rd 
rd rd CD 
CDU 4-J 
U P U 



P rd CDU 

cn cnp p 
P P rd rd 
P U U P 
_ P CDU rd 
2 ^ cnrd co 
rd rd cncn 
cn cnp p 
rd P rd P 
rd P rd U 

rd rd rd P 
rd P U rd 
U rd u u 
U cnrd P 
_ cnp u u 
O U P rd rd 
00 rd CDU U 
cnp p rd 
U rd CDU 
rd U cnrd 



rd cn rd 
CDU U 
U u CD 
U rd CD 

u u u 

U P rd 
rd rd P 
CD rd CD 
rd rd U 
rd rd P 

O) rd CD 
rd CDP 
u cn cn 
cnrd u 
U U rd 
CD CD u 
rd U P 
U P CD 
CD rd U 
U CD rd 



CD rd rd 
rd rd rd 
U U rd 
4-j rd U 
CDU CD 
P U CD 
CD CD U 
CDU P 
rd rd U 
rd P rd 



cnrd 
rd 4-J 
cnrd 
rd cn 
cnu 
P cn 
u P 
rd cn 
u cn 
rd rd 



u cnp p cn 
u 4-J CDP u 
cnrd rd u u 
u 4-J rd cnp 
rd CD CDP CD 
4-J 4-J rd u 4-J 
CD U U P CD 

cnu rd rd CD 
cnu u 4-J CD 
rd 4-J CD U P 



U U 
U 4-J 

u cn 
rd rd 

u u 

rd U 
CD U 
rd 4-J 
U rd 
U rd 



rd CD U CD CD 
CD CD CD rd CD 
cnu rd cnrd 
cnu u rd u 
rd cn cn rd u 
u u U U rd 
u CDP p p 

CDU U U 4-J 
rd 4-J U CD CD 
U rd rd P CD 



U U CD CD 
CD rd u cn 
rd U CD CD 
CD rd P rd 
rd rd U rd 
cd cd cn CD 

U 4-J +J U 
CDU rd rd 
rd CD rd p 
cnu rd u 



rd u CD4-> 
CDU rd CD 
P rd rd 4-J 
rd rd CD4-J 
CDU CD rd 
U U CDU 
CDP rd rd 
cnrd CDP 
rd P 4-J U 
U CDU 4-J 



PPP 
CD) CD rd 
" CDU 
U 4-J 
rd U 
rd 4-J 
rd cn 
rd rd 
4-J cn 
cnrd 



U rd U 
rd rd 4-J 
CD CD U 
CD rd U 
rd rd rd 
cn cn rd 
cnp rd 
U rd rd 
U cnrd 
rd u CD 



rd U 4-J 
rd CD CD 
rd U U 
CDP 4-» 
rd U cn 
rd u u 
u cncn 
rd cnu 
P rd rd 
cnu cn 



u u 

u rd 

U rd 

U rd 

P cn 
CD CD 

U 4-J 

P CD 

u u 

U P 



cnu p 

U CDP 
U CDP 
rd U U 
CDU CD 
rd CD rd 
U cnrd 
cn CD u 
U rd P 
U cnp 



P rd U 
CD rd CD 
u rd u 
U P P 
rd rd 4-J 
CD CD rd 
CD rd rd 
U 4-J CD 
rd CDP 
U U rd 



U CD rd cn CD 
rd P u rd p 
P CD CD rd rd 
rd rd P rd P 
U rd P U U 
O rd rd rd rd U 
™ CD U U CDU 
P U P P CD 
CD cn cnu P 
P U rd rd rd 



rd CD 4-J U 
CD rd rd CD 
rd U U U 
cnrd U CD 
rd 4-» rd CD 
■P rd P rd 
rd U CDU 
CD CDP CD 
CDP U rd 
P U CDP 



rd rd U 
CD CDP 
p cnrd 
P rd rd 
U 4-» U 
U cnrd 
P cnrd 
rd U rd 
U 4-J P 
CDU CD 



cnrd U rd 
U rd rd U 
rd CDU rd 
■P rd P rd 
CD CD CDP 
4-J CDU U 
U rd rd rd 
U rd CDU 
cn rd u rd 
cnu u rd 



JP P 
rd rd 
cnu 
p u 
rd rd 
cnu 
JP rd 
P U 
U CD 
U 4-J 



rd U U 
4-J 4-J U 
U U rd 
P 4-J U 
CD 4-J U 
CD CD rd 
PPP 
rd U 4-J 
4-J U U 
U rd U 



CDU 
CDU 
CDP 
CD CD 
rd P 
U U 
CDP 
P P 
CD CD 
CD rd 



CDP 4-J 
CD CDP 
U rd CD 
rd CDU 
rd P U 
P U CD 
rd U P 
UUP 
rd P rd 
U CDP 



o 



cnu cn 
P cncn 
rd cnp 
cnp cn 
CD rd cd 
u CD rd 

CDU CD 
CD rd U 
PUP 
rd U P 



CDP U U U 
rd CD CD CDP 
cnu 4-J P rd 

CD CD CDP U 

rd P CDP rd 

u u rd P rd 

CD rd rd U U 

rd U CDU U 

CDU CD rd rd 

u rd cdp u 



u rd 
CD u 
U CD 

cnp 

U CD 

rd P 

CD CD 
P P 
4-J U 
4-J rd 



4-J CD 
P rd 
CD rd 
4-J rd 
rd CD 
U P 
4-J U 
CD U 
rd rd 
U U 



U 4-J rd 
U CD CD 
U P U 
U U CD 
CD rd rd 
4-J U 4-J 
cnrd u 
4-J cnrd 
rd rd P 
4-J U rd 



rd rd 

CD CD 

U rd 

CD U 

rd CD 

U CD 

rd rd 

U rd 

rd U 

rd rd 



rd U 4-J 
CD CD rd 
rd rd rd 
rd CDP 
CD U 4-J 
CDU CD 
rd U rd 
CDP CD 
U rd rd 
rd U CD 



CD rd P rd 
rd U CD rd 
rd CD U P 
CDU rd rd 
rd rd P rd 
CD U P 4-J 
rd P rd rd 
P rd rd rd 
U 4-J rd rd 
rd CD CD rd 



CD rd 
U U 
U U 
P rd 
P P 
rd rd 
U 4-» 
U U 
CD rd 
CD rd 



rd U 
CD U 
U P 
P JP 
P CD 
CDU 
JP U 
CD U 
U U 
rd U 

P u 
CD rd 
rd rd 
CDU 
U U 
U rd 
cnrd 
u 4-J 
rd U 
CD CD 



cot£>^rNioco^^rNjooo ^D^trNjooo^o^-rvJOoo^^rMOooiD 
rHrNjrn^-^j-1-ncor^.oooo cnoHrNirNro^|-LniD^DNOO(DOOH 

i — It — I rH t — It — I t-H \ — i \ — IrHr-lT — I rH ("xl CNJ r\J 



to 



o 

CN 



*0 
CN 



O 
CO 



cn 



o 



WO 2005/047501 



PCT/US2004/005292 



oooooooooooooooooooooooooooooooooooooooooooo 

rs)OM^^rvJO00UD^NO00»I)^NO00II)^rslO00i0^NO00^^NO00l0^fNJO00^^ 

rn^Tfru^<£)r^<x>ooa^OrHrNrNrY^^L^ 

fNJrN4rvJrv4r^fNjrsirv4fNjrnnnmrnrnrnrnrnrnr^ 

u rd up cnrd CDrd cd rd u rd P cd cd cd rd cdcdp rt+JUrtrtua^rtrUU+J oj+j+j u rd ou cncnp u diu 

fd+J u rd cdp u oi+J Dirt uai+J u u u a)nJ fd CDP u U rd cn CD rd P CD cd u P P p cncnu CD rd rd rd P U 
u cd rd u u rd cd cd u cd rd rd rd oitdDfdo^uwfdutdoiid u td u ^ aJ -m oup u+j u rd u cn cd rd cd u 
utdP+J(d(d-Mfd cdp tduoioi+J on-ittitdU(dtdU(dUfdu+J(dUUDiuuuu(duu+JUU+JDi 
rd u cdp up u td dip u rd rd cd u u rd p td aiu CD u cdp u cd cd cd cdp nj nj p cd u p cd rd u rd 

U td Oird CDP id rd cd cd-M U U U CDrd P P P U P CD rd U rd rd U rd D)+Jp rdPCDUPPPP U CD rd 

P rd U P P U rd CDP UrdCDrdUCDCDCDUPUUUrdUU CD CDP CD U rd U U U CDCDP CDU U U CDrd rd 
CDcduPPUUUrdrd CD CDP rdCDUrdPrdCDUPUrdCDPPUrdrdU CD U P CDP rdPUUUrdrdCD 
CD rd P rd CD U cn U CD u rd P U CDP u Diaiu UP U U rd rdUUP rd CD U u u u U P CD rd CDCDP UCDP 

P CDP CD U rd rd CD CD U U CDrd rd CDrd rd P rd CD u P CDp CDP rd rd CD CD rd CD CD CD rd U U CDP P CD CD rd rd 
UOird^rdrdrdUrdDiUrdPUrdrdrdrdrdPUPrdPDUUUaiUrdUPPDirdPrdPUU D)0)U 
P CD u u CDrd rd rd CD CDP CD CD rd U UP rd CDrdP CDrd CD CDP P U rd U U rd CDP u rj>u u u CDrd rd CDrd 
rdrd UCnrdUUPPUPCDrd rd CDP CD CDP CDP P CD CD rd P Qird u U P P rd P up cd CD U rd CDP CDrd 
CDP cdp UrdDirdurdDirdrdPuirdrdPDirdPUrdPrdPPtdUrdPrdu Diup ooird rd UP rd oi 
U CD rd rd U rd CDP rd P U CD U rd CDP rdUPCDCDCDCDCDP rdUUPU rd +-» rd CDrdP U UP U rd CD CD rd 
rd rd P rd P U CD CD U P CD rd U cdcdu rd CDP CDP P CDP P rd rd P rd CDrd U» CDP CDCDP CDrd rd CD U rd CD 
u rd u u rd cdp oiaip u u rd cn rd u p u P cdp PuuppcDUrdPrd ocDCDUCDrdCDUrduucncD 

rd U CDCDP P UCDU UrdCDU CDrdP rd U U CD CD U U CD U U rd U rd CD CD CD rd CDP CD U P CD CDP P P P 
rd rd U rd rd DiDOioird O)rda)PDiprdrdPDJUP0iDiuuuurdtdU+JUPPrdrdUPO)prdUrj) 

rd cdp rdPUDirdUrdoiupuprdUUr^puppu DioirdP oiDird rd u rd Dioioiu u rd U rd rd rd 
U CDP UCDUrdrdrdPPrdPrdUrdPPCDPCDCnrdCDrdUrdrdrdrdPP>UUPUPrdCDPrdrdPrd 
ucDPUrdUCDrd CD CD CD cdp UUP CD CDP u rd P P rd U CD rd rd rd CD CD rd P CDUrdCDCDcdPCDrdrd rd 
rd CD U U rdrd UUP CDP P rd UP CDCDPP CDrd CDCDrdP rdP U CDP CD CD U rd UPP CDCDprd rd CD U 
CDrd CD U rdrd U CD U CD U P rd rdPPPPUP CD rd P CD CDP CD CD rd CDrd rd U rd P P CD U rd CD CD U CD CD 
PrdCDrdrdUPUCDrdUrdrdrdUrdUCDcdrdUrdCDrdUCDrdrdCDCDrdOrdrt 

CDCDrdCDPUPUPU CD CD CD U U rd CDCDCDCDCDCDU U UP rd U CDP CDrd U rd P U P U rd CD U rd P P 
UCDCDrdrdrdUUUrdUrdPrdrdU CDP u rd rd rd U rd CD U CD CD CDP P rd rd P P P CDP rd P P U rd U 
P CDUCDUCDCDrdrdU CD U rd rdP rdPPPUUUCDU CD CD U P P UP CDrdP CD CD rd rd CD U P rd rd P 
U U rd CDP UPUPUPPrd CDrd CD CD U P CDP rd P CDP U U U P rd P <UUCDCDCDUUUrdPPrdCD 

U cdcdu CDrd rdPCDPUrdCDcd U CD rd rd CDP rd P CD P rd rd CD CD CD cd u rd P rd rdU cdcdu cd u P rd rd 
CD u CDCDP UUUPPCDrdPCDrdPCDUCDUrdrdrdCDrduuCDrdrdrdrdrdrdrdPPCDUCDrdPUU 
rdUPPrdCDrdUrdrd CD cdp UCDUPPrdCDrdrdCDUrdUUrdrdUP rdUUCDrdPrdCDrdPrdUU 
CDrd CDrd P u rd CD rd u UCDU rd rd CDP CD U rd rd UP rd CDPCDPrd rd D)UP U rd CDP u U rdPU CDrd 
rd UPP CD CDP CD CD rd UUUPPP CD CD CD rd P CD U U rd rd CD rd rd U U CDP rd CDrd CD CD CD U rd rd U P 
rd CDrd P rd P P CDP rd rd U CDP U CD CD CD CD CD rd rd CD U rd UP CDUUP CDrd U U U rd U U U CD CD u rd 
P rd P CDrd rd CDrd CDrd CD CD CD rd CDP CD rd U P CDU rd CDCDP CDrd rdrd U rd CDrd CDP U U U U CDCDUCDcN 
PrdrdPCDCDPUUUCDPPPrdUrdUUrdUUrdrdUCDrdCDCDCDrd CDUUPUUUrdUCDUrdU VO 
rd CDP CDP rd CDP rdPrdUCDCDrdPPCDCDUUrdUPCDUUrdrdPPrdUPCDrdUrdUCDU CDP P 
PrdUCDUrdUUUrdrdrdCopCDPCDUUUCDUUrdCDUCDrdCDUCDrtPCD 

PrdUP rdUPPDiP CD U P U CDP rdrdrdCDUPrdUP U CD CD rd CDP up CD rd UP CDP UP UP rd 
rdCDPCDUCDrdrdrdUPrdCDUPUUCDCDUrdCDPrdCDUCDCDUrdUC^ 

P P rd rd CD CD U U CD U P CDrd U U CDCDUP rdPP rd CDU rd U U CD CD CD P> CDP P CDCDU U CDU CDrd rd 
U CDU rd P rd rdCDCDPrdCDUP CDU CDP UUrdCDrdrdUPU CDP CDU U UP DiaiU UP U DIP (d rd 
CD U rd rd U CD CD rd U CD CDP U CDCDU rd U CDU CDP CD U CD CD rd CDUPP rd rd U CD U P UP rd CDU rd P 
P rd CD U P CD rd U P CDP UPP rdrd rd U CDrd CDP P CD CD U P u rd CD CD CD rd U rdrd CD rd rd CDP rd CDrd 
U CD CD CD rd U CD CD CD rd CD U U CD U rd rd CD U CD U rd rd rd CDP U CDP U CDrd CD CD rd CDP U CD U P U rd rd 
P UP rd u rd Dird U rd CDp P cnu UPP u u rd cnDiDird UP rd UrdDiUPUDiUrdrdUUrjirdoip 
CDrdCDCDrdPrdU CDP rd CDU rd CDUPP CDPP CDrd rd U CDCDUP CD u U CD u rd rd UP U CDU CDCDU 
rd rd U CDrd U U CDP p rdprd rdPP CDP p cdp U U CD CD CDP P rd P rd U cnu U P U DiU rd DiDird Oi 

rdPUUUrdUrdUrdCDUPCDUrdCDUUPUUUrdPUUPUrdCDCDUCDCDUrdUrdrdPUCDCD 
U p CDP rdUCDUUCDPUPUCDrdUCDrdCDCDUrdrd rd CD CD CD U CDP CDUUPPPrdrdrdrdPCDrd 
CDCDP U U CD rd rd U CD rd CDU U rdrd rd CD CDP rd CDUPPP UP rdP u +-» P P CDrd rd CD CD CD CD U rd CD 
CDrd CDU UP rd D)UP rdP cnu U rd CDP CD CD CD U rd P CDCDU CD CD rd rd CD CD rd CDU CDP rd rd UUU CD 
rdP U rd rdP UPCDUP CDrd U rd rd rd U rd rd rd CDPCDUP cnrdPrd U +-> P CDCDcdu U CDCDPPU U 
U rd P rd rd CD U rd P U rd CD CD CD rd CD rd U P U CDP U rd CDrd CD CD CD U UP* rd CD CD U CDCDU U CDUPP 
prdCDrdUUUUrdUrdPrdPUrdurdPCDPPCDCDCDUPCDUprdCDrdUPUrdCDPUCDPCDrd 
rd rd UPP rd CDPPPrdUUUCDrdrdrdPrdrdCDUrdPPPrd td UP <U rdrd rdCDUUUCDrdPCDU 
CDCDPPPP rd CD CD rd rd UrdPU rd P U CD U CDP rdUrdCDrdUCDCDCDrdUrd CDP UrdUUCDPUU 
CD CD CD CD u u rd rdP CD U CDCDP u CD CD rd rd UP CDP rd CDrd rd rd P P rd CDU CDrd rd CD CD rd CD U P CD U 

DirdPprdPUrdPUrdrdDiPDirdrdPrdrdPrdUPD)U Diu UP UP»P rdPPPP D)Dird rdP rd 
U u CDP rd CDU CDU CDCDrdrdPP u cd cdp PUDiPUD)fduu DiDird u rd u cncnu D1D1U UP rd U 
UUCDUCDPrdUUCDUrdCDCDrdCDPrdUUPrdUUCDrd CDP UrdPaiCDCDPrdrdrdPUCnrdCDCD 
P cncnPP cncnrd uurdrdcnprdUUcnurdrdrdUPrdrdUcnrdcnU+Jrdrdrd rd UP cncnrdP cnp 
PPUUCDUrdUPUUCDrdUUPCDPrdUUUUrdPrdUPCDCDCDcTJUUUCDUCDPPCDrdPrd 
cdu rd CD CDP urdrd CD rd U rd U P rd CD CD CD U cd CD rd u cdp td u cdp cncn+j rducnprdrdcnuuucn 
CDrd rd P rdrd rd CD rd CDrd CDP CDPPP rd U rd CDP CDUPP CDCDU CDCDrd rd CDrdUPPU CDrd CDrdrd 
CDrd rd P rd u cn CD rd P CD CDP cnrdPcncnrdUUUrdrdUrdcnprdprd DiUPP DiU rd u U D5P rd U 
cncnp rd P u cnp rd u rd CDP p cd cd cdp P u cnp cnu rd rd diu u u rd rdrdrdrdUPUtdUPcnuoi 
P rd U rd P CDrd CD CD CD rd P rd CD CD rd P CD u P CDCDrd CDrd U CD CD U CD P rd rd rd U CDU CDrdP CDrdP 

P CD CDP UCDUUPUCDPUrdPUUCDCDrdUUrdPCDrdrdUCDCDCDCDUUrdPUUrd CDP CD U rd 
PCDPUCDUrdUrdrdrdCDCDUrdCDUPPrdUPrdCDCDUrdUUUUCDrd CD CD CDP P U U U U CD rd 
UrdUUrdrdUrdrdrdrdPrdrdPCDUUCDCDUU cdp PcncnurdrdP-McnuurdUUcncnrdcnUrd 
P rd U U U U UP CDrd U CDU CDCDrd CD CD CD rd rdP CD CD CD CD CDP CD CD CD rd CDrd UP rd CDU rd CDU CDrd 
CDCDP CDCDP rd UP rd CDP rd CDP U U P rd UrdPU CDU CD U rd CD CD CD4-J P P U P CD CD U CD U CDP CD 
rdrdrdCDPCDUrdCDCDCD CDP P rd CDrd UPP rd CDrd CD u P CD U P rd CDctf rd UP CD U P u cdcdu CDP 
CDrdUPrdrdrdCDCD CDP upuCDrdUUrdPrdrdrdUUCDrdurdCDPCDrdCDUCDUrdrdUCDUrdu 
CDU U U CDU CD CD rd P rd rd rd U CDrd CDP CDrdP rd U U CDrd rd CDrdP CD-M U u UP rd rd rd CDU CDU CD 
^^^ CT ^ urtprtCTrtrtrtrtrtuut ^ Uctiurt ^^ uu ^^^rt dip rduucnuucncnpcnup 

P CDUPrdPPPCDP CD CDP CDrd CDU U U CD CD CD CD CD rd UPP CDUP rd rd CDUrdUUPUPrdPU 

^rsjo«)VD^rNJorx)<£J^rN40rx>^^rNioro 
r^rn^r^i^^r^rx)rx>CDOTHrvjr^rvn^i^(^(£)^ 

rsirNirNirNirNjrsjrsJrNjrNrNjrr^rnmn^rnrnr^ ^f- ^^•^•Lninininininiriiriiri 



^omo^oo un o 

«-h CN cn m co ^J- 



WO 2005/047501 



PCT/US2004/005292 



oooooooooooooooooooooooooopooooooooooooooooo 

^•(NOoo^^NOooio^fMOooio^tMor- - ~ " ^ ~ ' ~ ~ " ' % ' * * ~ 4 J " ' ~ ■ ' ' v ******* 
ooO^OOHrNm^^m^DNooooO^OHrgf 



*o 

s 

s 



4-1 U U 
Cncd P 

cnp cn 

Ucd Dl 
P rd CD 
P cn u 
cn u rd 
cn rd cn 
u cd+J 



rd u cn cn u 
cncd cncd P 

U td U Dl 
U U U cd Cn 

cncnp cnu 

tdPU+Jfti 

u u cnp u 

U cd P cd P 
cd cd U P 
U U nJ 



u cn rd cnp 
OlU 4-> CnU 
td rd U oj cn 
U cd P P U 
cnp P u cn 

Cd U DIP U 

cd U cn rd rd 
u u u cn u 
p cn u cd cn 
P U u rd cn 



u cn cn u 
td-P D)rd 
4-1 cnp p 
td u td oi 
u cn u u 
cd cd rd cn 
rd U cnp 
u cncncd 
u u p u 
rd 4_j 4-i 



cn cn o cn 
tdp u fd 
cn rd cd U 
td p cntd 
cd u P cn 
u cn cn cn 

U U P P 
cd cn cd cd 
u cd p u 
UnJUU 



cd cd 
td P 
P P 
cn cn 
cnp 
cd cn 
u P 
u u 
p cn 
cnp 



cd cnp 
cn u u 
cd P rd 
cn u rd 
cn u u 
cd P u 
u rd rd 
u cnp 
u P u 
cd td u 



u u u 
cnp cd 
cd u cd 
cd P cd 
u cd cd 
cn cn cd 
cd P cn 
P cn u 
cd cd cn 
u cn cn 

u cn cn 
cd u P 
u cd cd 
P u u 
cd P P 
u P cn 
cd cnp 
cd u u 
cnp cn 
P cd u 



U DinJ Uu 
cn rd P C7>5 
U P cn cnp 
cnp cd u 5 
cd cn cd cd 
cd cn cd P 
P cd cd u 
P cnu p 
u u cnu rz. 
tdtdPU r , 

U cnu cd ! 
UP cnu S 
U cn cn rd y 
cd cd cnp r 
cncncd cd \Z 
cd p cnp ft 

u u cd p y ' 

P cd p cng ; 
P u cnp n 
P cn cn u ^ 



bass 

< e? r- u 



u ou 
auh 
e? <j> 
a < u 

|i§ 



uu<u 
8 ElS 



'Uhejuu<uuue?i- 
ih3hu<<huwuu 

ibhUUr-UUU -Uh 

iSu55u<uu<u< 



u ^ 
u < e> 
I- <3 

u u u 




p cd u 
cd cd cd 
uup 
cn cn cd 
u cd u 
u P cn 
cn cn u 
cnp cd 
rd td cn 
P cnu 



cd cnu u u 
u u p cd p 
rd u P P P 
cd cnu u cn 
rd cn cn cd cn 
cn u P U rd 
u cn cnp cn 
u rd rd cd cn 
u P cnu rd 
cd U cn rd u 



cn u rd p cn 
u u p u p 
rd u cd cn cn 
cnu rd p u 
cn cn cn cn cd 
u cd p cncd 
cn rd cd u cn 
cd u cnu cd 
cnp cd P u 
cnu u u cd 



P cd cn 
cn cnp 
u cd u 
cd cn cn 
cd P u 
u u u 
P cd P 
PUP 
cnu cn 
p cd cn 



cnp cd 
u P cd 
cd cd P 
u cncd 
cd cd cn 
P cd cd 
cncd u 
P cnu 
P u cd 
cd P P 



cnp cncd P 
cd u cd P P 
cd rd u cd u 
cn u cn cn cd 
u cd cncncd 
cnu u u u 
cn cd P u cd 
u rd u p u 
u cncd cd u 
u cd cnp u 



cncd cn cn u 
cd cnu P p 
u p p u P 
u cn cnp p 
cnu u p u 
cnu cncd u 
cncd cnu u 
cnp p cd cd 
cn u cn cn u 
u u cd u P 



P u u 
rd u rd 
u P cd 
cd u u 
u cd u 
P p u 
u cncd 
cnp p 
cn cnp 
rd u rd 

U u cd 
cd u cd 
cnu cn 
cn cn cd 
p u u 
cnu u 
cnu p 
4J u cd 
cnu p 
cncd u 



cn cn 
cd u 
cnu 
cd u 
u p 
cd cn 
cn u 
cn u 
P cn 
P P 



cnu cd 

p u cn 

cd cd cd 

u cd cd 

UUP 
rd rd U 
u cd cn 
U cd u 
U P P 
cd U P 

p cn cn 
u P P 
cd cd P 
cd P u 
cncd u 
td cd cn 
cn cnp 
u cd u 
cn rd cn 
P cnp 



cd cd U 
cd cd u 
cd cd P 
u p P 
u u u 
u cd cd 
rd cnu 
cncd P 
cd cnu 
rd cnp 

cd cd u 
cncd U 
cnp cn 
cd cnu 
cncd P 
cd P cd 
U P u 
rd rd P 
U rd rd 
rd cn cn 

u cnu 
cd cn cn 
cd cd u 
cd u rd 
cn rd cn 
UUP 
cd U P 
cnp P 
cn rd u 
cnu cd 

cd cn cn 
u cncd 
u u cd 
P cn cn 
u P u 
cd cn u 
u p cn 
P u cn 
cnu u 
cd cd P 

cd P cn 
cd P P 
u U cd 
P cn4-» 
cnu cd 
p u cn 
cd cd P 
cncnp 
rd u p 
cn cn cn 



cd cd P 

PUP 

P P P 
P cn cn 
cnp p 
cnu u 
cd cn cd 
u cd u 
cd u cd 
P u cd 



u cd cn 
cd cnp 
cd P cn 
u P u 
cd cd u 
cnu cn 
u p p 
cd cd u 
cn cn u 
u cd cn 



P p P cn 
u cd P cn 
P P rd u 
u cd P P 
cncd p cd 
cn cd p u 
p cncnp 
p cnp p 
u cnp u 
u cnp u 



cd u 
cnu 
P cd 
cn cn 
cncd 
cd u 
cn cd 
cnu 
P cd 
cd u 



P P 
u P 
cd P 
cnu 
u u 
cd cn 
cn rd 
cn u 
rd cn 
U cn 



u cnu P 
rd cn rd cn 
cnu rd u 
P cnu cn 
U P p rd 
P cn cn u 
p P cn rd 
P u cn cn 
cn u P P 
P cncnp 



U cn rd cn 
cncd cd cn 
P u cd P 
P cnu P 
cnu cncd 
cd cd u p 
P P cd rd 
cd cnu cd 
cnp p cn 
cnu cncd 



u u cnp 
cncd p p 
cd cd p cd 
cd cd rd u 
cd cnu cd 
cnp u u 
U rd cncd 
u u cd u 
u cd cn cn 
cn cncnp 



u cd rd 
cn cn u 
cd u cn 
cd P cn 
cd cd cn 
cd cnu 
u P P 
cd P rd 
cnu cd 
u cd cd 

P cn cn 
P cnp 
cd P cd 
u u cn 
P cnp 
cd P cd 
uup 
cnu u 
p cd cn 
p P cd 

cd cn cn 
u rd cn 
cd u u 
cnp p 
cncd P 
u cn cn 
rd cn rd 
cnp rd 
rd cnu 
cncnp 



UUP 

u P P 
P cnp 
u u cn 
rd cn cd 
cn u P 
P cncd 
U P U 
cd cnp 
u cnp 

P cd cd 
u cn cn 
cd cd cn 
cn cn cn 
cd cn cn 
cnu cn 
rd cnp 
u cn cn 
cnp p 
rd cd P 

cn cnp 
cnp p 

PUP 

u cncd 
cd cd P 
P cd cd 
cnu u 
cncd u 
cn cn u 
cd u u 



cd cd uUU 
cn cn cd H 
u p cr>y U 
cd cd cn< <5 
cnp rd H < 
u cncn< U 
cn cn rd <5 < 
cn rd cn< e? 
rd P P £ |- 
u U P C3 

td+J rdh< 
cn cd cd •< 
td u rdUh 
cd cd cni3 I— 
cn rd cd H- < 
u P cd < < 
cd u p u O 
cncd P u 13 
cnu P P < 
cd cn cn cd 

u cnu cnp- 
cnp cncn< 
rd cncnp p 
rd cn rd P I— 
u cd cd cd is 
cd cnp cnp 
cncnp p □ 
rd P rd u < 
rd U u P p 
cn rd rd P ^ 

P rd cn rd y 
u cncncd fj 
cnu cncniz 
cd u cd cd 5 



U4UUhU< 

-Ououuh 

-UhUUUU 
JOUhUUU 

t- <J? u u 
" U <J u 




uuu< 

r-uuy 
e? w < < 




u H; <; 



<J < iD u 
tJ3 <J3 U 

U H O < 
H < U> < 

< 3 < 3 

uuuu 

< < 
e? u u < 



UUL5U<< 



si 




uu<ui-uuu<;uu 

3<3u<<uuuu< 
uuuue?Or-e?u<u 

tuuuuh<u<uy 
hr-UUUUU<U< 

u < o u <£ <r 



I KD < ■ 



U 13 U < < <J? 



6UU< 
r-Uh 
U U? h- 



| H<UUUUhhU 

HU<UU<U<Ur-V3 

<<3u<u<<uu< 

U&UUhhUH<UU 

uuuue?<uu<u< 
e)hhu<i;<<uopu 



I- u < 

8sEby^gi5y^ 
&yei^t5gysy§3 



u < u < e? • 

h u U < U W L 

" u a - 



< o < ' 



^ u v3 C5 J ^ 



H < i3 H u O ( 



tj a & b U7 < 



u cn cn u 
rd cnu rdc 
cd cn cnu H 
P cncncd 5: 
u cnp p S 
cnp p cd <l 

u p u cd y 

u u u p rs 
cncncd P i2 
cd cnu cn?S 
cd cd u u 5 
P u cncn.^ 
cn rd cnp U 
cncnp cnU 
cn cn rd cn< 
P u u P < 

P u u P U 
cnp cn rd p 
rd P rd cnh- 
rd cnp cd h 
u cn rd P H 
P P u u < 
P cnp u O 
cnrd U P < 
P cd u cnP 
u u P cnP 



UhUU 
u r- - 



U<<U< H 
_ < C7 < 13 C7 



<0<UU<UL3 
U<UHl3e?h - 
13UU(JU<UU 

• ' u < < u> 

<<f (JU<<CU< 
UU<r-0UUl3 



bhUW 

C3 U U U 



;Sb! 



r-L?5r- 



8b^^ 

u kd e? O 

tsby^ 

UU<U7 
O O V3 U> 



< VD U 
O ^ < 
Uh O 
<3 (3 <3 
Uhh 

w u p 

U13 H 

h w b 
uu< 
UH Q 
e> < u 

UUh 
U < O 
<*3 U 




O < o 
< < u <3 < 
3 L3 h- u 

§y§t!5 
sySss 




CO 



- ^ ; ^ u<<uu<uu<uu 
j-ou?uoe>ur-u<u 

<<r-<U<^3e?L3<h 



UUUhU 

Suuuu 
h- u u 

- e? < ^ 



<: 3[ 5 a 3i 



^ < 0 < 
uuuu<u 

UhOhUJr- 
UOU - L3 O 

u e? e? -<u 
uuuuuu 

h<OUh< 
r-<UI-<U 



o 

CN 



in 



o 

CO 



uo 

CO 



o 



WO 2005/047501 



PCT/US2004/005292 



3 




oooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOO^^NOOO^^NOOO^^NOOOU5^rvJOOO<I)^-(NOOOlD^-<NOOOlD^-fNlO 

f^^^^iDNoo^ooooooqqqqqqqHHHHHHHrlHHHHrviN 

CDCDO^CDCDCDCDCDt — It — ItHt — It— IrHT-HrHt— It— It— IrHt — I tH t— I t-H t— I t-H t — IrHrHrH t — 1 t — I t — It — it — It—It — It I tH t— I t— I t It— It— I 

in in ticDP fduuCT(ti+J(ti(dPPUrtuo>tdoiDiuuuu+JunJD)rtuoitdP cd cdp cn rd rd P cdp 
H? n urdUPPrdrdrdrdPCDrducDP cdp ^urtrt^rtP^nJ aitti U u ainJ u |J td ^ en 

ii m 2?P Dirt UPU cntU^JrtP4JUUOinJPUD1fdURjU ODH-i+J U nj fti P OIU U CD CD rd CD U rd P 

S S; tl cd rd u cn cdp rd cdp rd UPPP cn cd u u rd rd P CDCDrd p p p rd u u rd cdp rd u rd rd P rd rd u 

^^^-HrdrdrdPCDrdUurdrdPPrdPrdup CD cdp p p rd rd P u rtPPurdCDPUPrdPPPrd 
U rd 4 ^ 4 ^ ^ cr)(y)U en u CDrd P P P cd cn rd cdp cdp p cdp rd cdcdp cd cdp u cdp CDPPrdCDtdUU 

CD U CD CD rd CD rd P 4-> CDP U rd rd U u P CDP P P P 
> P rd P rd cdcd rd cd rd p cdp u oiainJ up nl+J u cd 
1 CD cn cd cn rd rd rd U rcJCDrdPPrdCDrdrdPrdrdUU 
- ; UJUJiy u - uu, w^w v-w*^ w w w v. „J P U rd rd u rd P P UfdPCDCDcdUtdP o>o>P fd CD 
S^W^SuurdrdCDrdrdUprdrdPrdPCDCDCDrdUUrdrdrd CDP UP CDrdrdCDPPUrdPPPPrdU 
hiKJSuCDrdCDrdrdPrdPrdUrdrdrdUUCDUUCDUCDrdUPPP-PCDrdUPCDU CDP rd P rd rd CD 

P.^oiUUtdrt CDP U rd rd rd CD rd CDP rd P rd u CD CDP rd u U rd P oiupp u u+J oiu rt y oiai 
hUh cnP rd u U U rd CDP rdrdPrdPUPrdPPPrdUCDrdrdu u P CD CD u P P P CDP CDP rd P rd 
^urdrdrdupCDUrdrdPrdrdUCDrdUrdPUrdP CDP UPP cnurrjcnrdrducnrdoirdrtcnu 
13 < 

U U W rjiu U D) CDP PCDrdUrdrdUPUCDU CDP CDP PUPPrdCDrdCDUrdCDUPCDUUUrdCDP 
Uh I— cDPrdurdUprdUUUrdrdCDPCDPrdurdCD CDP rdUrdP urdUUUUUUCDrdrdCDUCD 
U?U?UuUCDUPUrdrd CDP P rd U rd U CDP rdUrdCDrdPCDrdrdU U CDCDP UCDCDPrd UP rdrdU 
U<<JurdrdCDUCDUrd CDP rd P P P rd CDP rdCDUUCDUrdrdPP uuUPPPPPUrdrdrdCDU 
Ue?UurdrdrdCDCDCDUPPCDrdPUCDrdPPUUUrdUUrdPrd UUPrdUrdPUP CD CDP P u 
UOU oiU Died CD CD CD rd P rdP UPPPUPrdUP U U rd CD rd P CD CD CDP U U U CDPPUCDU rd CD 
I— <r-UCDrdUU CDP rdrdPCDrdrdcdUP CDP PUrdrdPrdCDPU CDCDCDPPPrdPUCDUPCDrd 
<UU CD rd rd CDCDCDrdP rd rd rd rd rd CD rd rd U U CDCDrdPP U U CD CD-P CD rd P CD CD CD CDP CD CD CDP rd 
UUU U U CD rd P P rd CDP rdPrdrdCDUrdCDrdPUUUCDCDrdrdrd U rd P U CDP U U rd CD rd U CDU 
UCDrdrdrdUUPPPUCDUPPCDCDCDUPUCDrdnjrdrdUP>rdCDCDUUUrdCDrdCDrdCDrd 

f— U 

Uu?UuprdUPPCDPrdPrdPrdUUrdPCDUPPPUrdCDCDPrdCDrdCDPrdrdrdPrdPCDUCD 
U?UUCDrdCDrdCDCDCDU UP rdUUPCDU U rdrdCDCDCDUU CDP U UCDrdPPPCDrdUPrdPPrd 
Uh-UUCDrdCDUCDrdrdrdPrdUPCDUrdCDUPUrdCDCDCDPrdPUUPrdUPUrdrdrdUUPU 
<UUCDrdrdrdPPPrdUPrdrdrdPPUPrdrdPCDUrdPCDrdrdrtfUCDPUUCDCDrdrdPUPCD 
<L9<C CDUrdrdP CD CDP rd CD rd rd Urdu UP CD CD CDP CD rd P rd rd P P CD rd CDP P CD CD U CD U rd CD rd 
U <£ G P CDU rd U CDCDrd CDCDrd CDCDUUPCDUCDCDPCDCDPUrd U P rd CD CD U U UPU CDP U U CD 
<<UCDrdUCDPCDCDPPPrdPrdPPrdUUUrdUrdP CDP rd U U U rdP CDP CDP U CD CD U CD CD ^f- 
<3uCDUrdrdrdUrd CDP PrdUPrdPPCDUUPPPUPUPrd CDUPPrdPPrdrdrdPCDUCD^D 
S<riDUUrdrdPPPPrdrdrdUrdPUPUrdrdCDCDCD CDP CDP U CDCDUPPrdrdUUrdPPCDU 
^ UUrdCDCDUPUPrdrdUrdPCDCDUrdPPUPPPUrdCDCDrdCD CDP rdPP CD rd rd CD U U 

UtauCDCDUrdPPCDrdrdUrdUUUUCDCDrdPCDPrdUprdrdCDrtUrdU CDP CDrdPrdPrdPCD 
int-mUCDUrdUrdrdrdUCDrdU CDP U U CDCDU CD rd P P P CDrd rd CDU rdP CDrdP U CDrdPrd UP 
LjSuUrdUrdrdrdrdPPPrdPrdrdPrdrdUCDUPCDUPPPCDCDrdCDCDUUCDPUrdCDrd 
^ininCDUPrdCDrdPrdUPrdUrdPPPrdCDUPUCD CDP UPP CDrd CDU CDCDrd UPUCDrd CDCD 
iJ^i^CDUUUPrdrdurdPrdUrdCDUrdrdCDUPrdrdUCDPPCDUrdCDprdPPCDUCDCDOT 
^LnfclUPUCDrdCDCDUrdPrdrdPPPrdrdPCDCDrd CD CD CDP P rd rdPUUrdUrdPrdUrdUPU 
SLnLJfdPCDrdrdrdrdrdUrdrdUrdrdUPrd CDP rdPUPPrdUUP>rdUCDrdrdrdCDUUUUPCD 
^ijrfPUCDUrdUUrd CDP rd rd rd rd CD CDP CDU U CDCDU CDU UP rdrdCDUrdUCDrdU CDP U P rd 
Sfc-UP^rdCDrd CD CDP CDP rdUrdUUCDCDrdUPCDrdP CD CDP rd CDUPrdrdairdrdyprdUUrd 
<C r- u> cd P rd CDP u rd CDP rdUUPCDUUCDUUUCDrdUCDrdrd ucDPUrdrdCDrdrdrdPPUP 

PUUUPCDUP CDP rdUrdrdCDCDUrdrdPUrdPCDCDCDP rd rd CDP UUPrdrdrdPPUU 
CDU CD CDP CDP rd u rd rdPP u CDCDrd u CD rd P U cn rd CD rd P P UP CD CD CD U P P rd P P CDP 
uupurdCDUUPPrdUPPPrdrdPUPrd CD CDP UPU UPPPPCDPP CDrdrdrd CD CD 
rd U U rd CDP CD CD U P rd U CDUP rd CDCDU CD P rdP CDrd U CD rd rd rd CD CDP PPPUUUrdP 
rdPUrdrdrdCDCDrdPrd rd CDrdrd rd CD rd P CDPPP CDP UP rd P rd CDP rd rd U rd CD CD rd CD U 
rdPrdrdPrdPUrdrdPrdUPPPUrdrdPPPPPPUrdCDCDrdUUP 

' rd P P CD CDP PrdUrdrdCDrdP 
CDrd rd U P CD CD CDP rd CD U U U 
CDP P rd CDrd rd P CDP CDP CD 
rd U rd U P rd U CD CDP U rd rd 

SHP^ U rd U Oird CD rd rd P rd P P CDP P rd U P CDP UUrdUPP CDUPUUrdUCDrdrdrdUPU 
UhhuurdrdPUPrdUPrdPPPPUrdrdUUUrdrdUPrdPPUCDCDUUUrduypjPJCDrd 
UP U rd CD CDP P P rd rd P U P CD CD rd CDP CDCDrd CDU rd CDCD CDP rdCDUPrdPUrdPPUU 
HHS2uuCDUPUUCDUrdrdUCDPCDrdrdUUUUPCDrdCDCDrdUUUrtfUUrdrdPrdrdCDCDP 
^<S2pCDUPrdUrdCDUPrdCDrdCDUUUPCDPUCDrdrdPrduPCDUUPrdUUrdrdPCDCDCD 
|Jr-< rd CD rd rd rd rd U CDCDrdrdP U CD CDP CDrdUUrdCDrdrdPrdrd CDCDPrdrdUPrdCDrdrdCDrdCD 
hZTiPuprdCDCDUPrdUrdrdP CDP CD rd rd rd CD CD CD P CDUP rd CD U U rd P CDP U U rd rd rd CDP U 
C?e?r— rdCDCDrdrdCDCDPUCDrdUPCDrdPUrdPPUUrdrdUrdPUUUUPrdrdUCDUUrdrdrd 
e?e7U4->CDrdrdrdCDCDPPUrtrdPPCDCDUrdCDrdUrdPrdUrd U U rd U CD rd P P CDP CDP P rd CD 
UUUp u U CDrd CDP CDCDrdrdPrdPrdCDCDrdUrdUUUrdPUP uuPPUPCDUPrdPrdrdrd 

<H<rdUrdrdCDU CDrd CDCDrdPP CDCDU CDUP U CDU rd U rdP CDPPUPrdCDrd CD CD CDP rd rd CD 
V5<UrdPCDrdrdPPrdPUrdPPrdCDCDrdrdUPrdCDUCDCDrd CD U U U rd P P CDUPPPrdrdCD 
CDU rd U CD CDP rd CDP rdPPPCDrdrdUUUUrdrdCDrdPP rdCDCDUPCDP UU CDP UPU 
UU<P rd CD U rd P CD rd u P rd CDCDUCDCDrdP UPP UP U rd P P CDU UU CDrd CDrd CD CD U rd rd U 
UU<pupurdrdCDrdUrdrdCDPPUUrdrdPPPCDUUCDrdUPrdUCDrdUCDPUCDUrdPU 
auUtd U rd CD rd U P CD U rd rd rd P P CD CD U U U P CD rd CDP rd CD rd UUPPCDCDP rdUPPrdUP 
<(JUrdCDrdrdrdrdUrdUPrdCDUrdUCDCDCDCDUUUCDrdrdrdrdUUrdPUUUrdrdUPPUU 
tji-. <pouutdDiDiUCTPtdtd(dUDiutdfdnjcnucnucnuai(d coup cnaiu td+J+Jpurdtdo 
Hhl-^^^CDCDrdPrdCDUrdPrdCDUCDCDCDrdUUCDrdPPPPPrdPPI CD D} CDrd PJ P P rd rd rd 
UUU rd u CDUCDU CDrdPCDrd CDP PrdPPUCDCDUPPPUrd CD) P CDP P rd CDP CD U P U rd P U 




•nrinrdCDPrdrdUCDPrdPrdrdPrdpUrdrdPrdUPPPUrd rdPPPPPP U 
SniiLlUUUrdCDPPrdrdPrdrdrdrdCDPUUCDPUrdrdUPUrdrdPPCD CDP P 
i2!nin CDP CD rd P rd P rd CDrdrd rd rdUUUUPP CDCDCDP CDP PU CD rd rd u P CD CD 



Z^t ,n in <->> 'T-' U' 'U T~ \\J Vdll IU IU t VJ IU W W W T— T - WJ "I - WT — 1 — 

SSfiHi U CDP CDrdP rd U CD CD rd rdPUCDrdCDUUP U CD CD U P P U rd CDP P rd CDrd rd P CDP CDP CD 
< wu rdUPCDUUUCDUCDrdrdrdPPUCDCDUUCDrdrdUPUrd 



HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH 
00U3^rNiorx)^^rNjorx)<X)^rv4O00i0^rvJOrx>^^rNioc0^ 
rsjrn^Ln^(^r^rx)CDOOrHfvjrv^^^i^<x5r^oooor^ 
<^ cnr^o^a^cDCDcria^cnoooooooopppppT^ 

t — I t — I t — I t^ — I t — I T — ItHt — It — It — It — It — It — It — I t — I t — I t — I t — I t — I t — I tH tH t — I t — 1 t — 1 t — I t — I t — I t — 1 \ — It — I \ It It I — I 



O 
CN 



CN 



O 
CO 



o 



WO 2005/047501 PCT/US2004/005292 



OOOOOOOOOCD 

oovc^-rvjooo^o^t-rvjo^ 
ooOiOHfMfMm^LnLn 

THTHrHrHiHTHrHrHt-lrH 



3 



P cdcdp 

4_» U CDP 
U CDP rd 
O 4-J o u 

urtuu 

P U CDP 

u aiu+J 

4_> +j U P 
U CD U U 
CD CD CD rd 



P rd P rd CD 
U P U rd P U 
u oitd up 
U rd CD rd P P 

U CDP U+J fdO 
CD CDP 4-J U CD 00 
U 4- 1 CDP CDP 
rd 4-» CDP rd P 
P U U U CDU 



U P CD 

rd rd P 
CD rd cd 

U CD rd 

P CD rd 

rd rd P 

4-i cd CD 

rd U CD 

U CDU 

u U cd 

U CDP 
CDU U 
p U rd 
CD CD rd 
rd U P 
CDU rd 
rd rd U 
CDU rd 
4-J CD-M 



CD CD rd 
CD rd 4-i 
CD rd U 
rd U U 
PUP 
rd CD 4-J 
rd P P 
U rd U 
U P rd 
CD rd CD 

U U CD 
rd P CD 
rd rd P 
P P rd 
CDCDP 
rd P P 
P CDU 
rd rd U 
U rd rd 

U U CD 



U rd p u P P 
rd cdcdp rd rd 
p p u P u u 

CDP CD CD rd rd 
P CDU P P P 
P U U rd CD CD 
rd u P P rd rd 

CDCDP CDU U 
rd CD CDU CDU 
U rd rd rd CDU 



CD rd rd CD 
rd cdu rd 
P CD CD rd 
rd CD rd CD 
CDU rd CD^ 
CDrd P up 
P rd rd UN 
CDU P rd 
U p rd CD 
CDrd P rd 

CDrd U CD 
CD rd P CD 
P rd CD CD 
rd u CDrd 
rd U rd P ^ 
U rd CD rd O 
P U CDP ^ 
rd CD CD U 
U CDP rd 
rd P CD U 

p 4-J CDP 
CDP U U 
rd P rd rd 
U CDP CD 
CDP CD U 
CDP P rd O 
P P CDP ^ 
P CDU rd 
P rd CD rd 
p CD CDP 



CD CD CD CD 
rd P CDP 
CDP P rd 
rd ID rd rd 
U CDP P 
P rd rd rd 
rd p p rd 
U U rd U 
CDrd U P 
CDP U CD 

U CDU U 

CD rd CD rd 

P u rd CD 

rd U P P 

P U rd P 

U CDU rd 

rd rd P U 

rd U P U 

P CD CDU 

P rd rd CD 



P CD CD CDrd P 
P P CDCDP rd 
U rd U P CD rd 
rd P CDrd CDrd 
u p P rd u CD^ 
U rd rd U CD U O 

U U CDP CDP"*" 
CDCDP CD CD rd 
P CD CDU P P 
U P CDrd rd P^ 

rd U P CDrd U 
rd U rd P rd CD 
rd CDU P U CD 
P U U rd CDP 
CDU rd U U U _ 
CD U P U rd rd O 

U CDP U CDrd 00 

rd CD rd U P P 

4_) 4-1 +j rd P P 

P rd U U rd U 



U rd P 
CDCDP 
CD CD rd 
P rd U 
U P P 
CDP CD 
CD rd CD 
CDU CD 
CD CD CD 
U P U 

P U rd 
CDU P 
4-J p p 
CDU rd 
CD rd rd 
CD CD U 
UUP 
CD CD rd 
CDP rd 
p rd P 



U P rd CDU U CD 

u rd rd u P u P 

u p p p u u U 

U CD CDrd P U rd 
U rd CDU CD CD U 

rd CDU P rd u uO 

CDCDrd CDrd u u^ 

U P CDrd U P rd 

cd CDP P U U rd 

rd CDrd P P rd CD 



U CD rd 
U P U 
U rd P 
CD rd CD 
U U U 
U P rd 
rd CD CD 
CD U P 
P rd P 
U CDrd 



rd P rd rd 
P P U CD 
CD rd rd rd 
U CD rd P 
rd CDP U O 
p CD CD rd " 
U CDU rd 
4-> u P P 
rd rd cdu 

U U P CD 



t— IxHt — It — It— It— It— IrHr— irH 
oooocDOr- Ifsirsim-^Ln 
THr-iT-HrHT-HrHr-HrHT-lrH 



to 



tO 



WO 2005/047501 



PCT/US2004/005292 



Calreticulin (CRT) 

"Calreticulin" or "CRT" describes the well-characterized -46 kDa resident protein of the 
ER lumen that has lectin activity and participates in the folding and assembly of nascent 
glycoproteins. CRT acts as a "chaperone" polypeptide and a member of the MHC class I 
transporter TAP complex; CRT associates with TAP1 and TAP2 transporters, tapasin, MHC 
Class I heavy chain polypeptide and p2 microglobulin to function in the loading of peptide 
epitopes onto nascent MHC class Imolecules (Jorgensen (2000) Eur. J. Biochem. 267:2945- 
2954). The term "calreticulin" or "CRT" refers to polypeptides and nucleic acids molecules 
having substantial identity (defined herein) to the exemplary CRT sequences as described herein. 
A CRT polypeptide is a polypeptides comprising a sequence identical to or substantially 
identical (defined herein) to the amino acid sequence of CRT. An exemplary nucleotide and 
amino acid sequence for a CRT used in the present compositions and methods are presented 
below. The terms "calreticulin" or "CRT" encompass native proteins as well as recombinantly 
produced modified proteins that induce an immune response, including a CTL response. The 
terms "calreticulin" or "CRT" encompass homologues and allelic variants of CRT, including 
variants of native proteins constructed by in vitro techniques, and proteins isolated from natural 
sources. The CRT polypeptides of the invention, and sequences encoding them, also include 
fusion proteins comprising non-CRT sequences, particularly MHC class I-binding peptides; and 
also further comprising other domains, e.g., epitope tags, enzyme cleavage recognition 
sequences, signal sequences, secretion signals and the like. 

The term "endoplasmic reticulum chaperone polypeptide" as used herein means any polypeptide 
having substantially the same ER chaperone function as the exemplary chaperone proteins CRT, 
tapasin, ER60 or calnexin. Thus, the term includes all functional fragments or variants or 
mimics thereof. A polypeptide or peptide can be routinely screened for its activity as an ER 
chaperone using assays known in the art, such as that set forth in Example 1 . While the 
invention is not limited by any particular mechanism of action, in vivo chaperones promote the 
correct folding and oligomerization of many glycoproteins in the ER, including the assembly of 
the MHC class I heterotrimeric molecule (heavy (H) chain, p2m, and peptide). They also retain 
incompletely assembled MHC class I heterotrimeric complexes in the ER (Hauri (2000) FEBS 
Lett.. 476:32-37). 
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The sequences of CRT, including human CRT, are well known in the art (McCauliffe 
(1990) J. Clin. Invest. 5(5:332-335; Bums (1994) Nature 367:476-480; Coppolino (1998) Int. J. 
Biochem. Cell Biol 30:553-558). The nucleic acid sequence appears as GenBank Accession No. 
NM 004343 and is SEQ ID NO:69 



1 gtccgtactg cagagccgct gccggagggt cgttttaaag ggccgcgttg ccgccccctc 
61 ggcccgccat gctgctatcc gtgccgctgc tgctcggcct cctcggcctg gccgtcgccg 
121 agcccgccgt ctacttcaag gagcagtttc tggacggaga cgggtggact tcccgctgga 
181 tcgaatccaa acacaagtca gattttggca aattcgttct cagttccggc aagttctacg 
241 gtgacgagga gaaagataaa ggtttgcaga caagccagga tgcacgcttt tatgctctgt 
301 cggccagttt cgagcctttc agcaacaaag gccagacgct ggtggtgcag ttcacggtga 
361 aacatgagca gaacatcgac tgtgggggcg gctatgtgaa gctgtttcct aatagtttgg 
421 accagacaga catgcacgga gactcagaat acaacatcat gtttggtccc gacatctgtg 
481 gccctggcac caagaaggtt catgtcatct tcaactacaa gggcaagaac gtgctgatca 
541 acaaggacat ccgttgcaag gatgatgagt ttacacacct gtacacactg attgtgcggc 
601 cagacaacac ctatgaggtg aagattgaca acagccaggt ggagtccggc tccttggaag 
661 acgattggga cttcctgcca cccaagaaga taaaggatcc tgatgcttca aaaccggaag 
721 actgggatga gcgggccaag atcgatgatc ccacagactc caagcctgag gactgggaca 
781 agcccgagca tatccctgac cctgatgcta agaagcccga ggactgggat gaagagatgg 
841 acggagagtg ggaaccccca gtgattcaga accctgagta caagggtgag tggaagcccc 
901 ggcagatcga caacccagat tacaagggca cttggatcca cccagaaatt gacaaccccg 
961 agtattctcc cgatcccagt atctatgcct atgataactt tggcgtgctg ggcctggacc 
1021 tctggcaggt caagtctggc accatctttg acaacttcct catcaccaac gatgaggcat 
1081 acgctgagga gtttggcaac gagacgtggg gcgtaacaaa ggcagcagag aaacaaatga 
1141 aggacaaaca ggacgaggag cagaggctta aggaggagga agaagacaag aaacgcaaag 
1201 aggaggagga ggcagaggac aaggaggatg atgaggacaa agatgaggat gaggaggatg 
1261 aggaggacaa ggaggaagat gaggaggaag atgtccccgg ccaggccaag gacgagctgt 
1321 agagaggcct gcctccaggg ctggactgag gcctgagcgc ncctgccgca gagcttgccg 
1381 cgccaaataa tgtctctgtg agactcgaga actttcattt ttttccaggc tggttcggat 
1441 ttggggtgga ttttggtttt gttcccctcc tccactctcc cccaccccct ccccgccctt 
1501 tttttttttt tttttaaact ggtattttat cctttgattc tccttcagcc ctcacccctg 
1561 gttctcatct ttcttgatca acatcttttc ttgcctctgt gccccttctc tcatctctta 
1621 gctcccctcc aacctggggg gcagtggtgt ggagaagcca caggcctgag atttcatctg 
1681 ctctccttcc tggagcccag aggagggcag cagaaggggg tggtgtctcc aaccccccag 
1741 cactgaggaa gaacggggct cttctcattt cacccctccc uttctcccct gcccccagga 
1801 ctgggccact tctgggtggg gcagtgggtc ccagattggc -tcacactgag aatgtaagaa 
1861 ctacaaacaa aatttctatt aaattaaatt ttgtgtctc 1899 

Human CRT protein (GenBank Accession No. NM 004343), (SEQ ID NO:70) is shown below: 

1 MLLSVPLLLG LLGLAVAEPA VYFKEQFLDG DGWTSRWIES KHKSDFGKFV LSSGKFYGDE 

61 EKDKGLQTSQ DARFYALSAS FEPFSNKGQT LVVQFTVKHE QNIDCGGGYV KLFPNSLDQT 

121 DMHGDSEYNI MFGPDICGPG TKKVHVIFNY KGKNVLINKD IRCKDDEFTH LYTLIVRPDN 

181 TYEVKIDNSQ VESGSLEDDW DFLPPKKIKD PDASKPEDWD ERAKIDDPTD SKPEDWDKPE 

241 HIPDPDAKKP EDWDEEMDGE WEPPVIQNPE YKGEWKPRQI DNPDYKGTWI HPEIDNPEYS 

301 PDPSIYAYDN FGVLGLDLWQ VKSGTIFDNF LITNDEAYAE EFGNETWGVT KAAEKQMKDK 

361 QDEEQRLKEE EEDKKRKEEE EAEDKEDDED KDEDEEDEED KEEDEEEDVP GQAKDEL 417 

For the generation of plasmid encoding the full length of rabbit calreticulin (there is more 
than 90% homology between rabbit, human, mouse, and rat calreticulin), pcDNA3-CRT, the 
DNA fragment encoding this protein was first amplified with PGR using conditions as described 
in Chen (2000) Cancer Res., supra, using rabbit calreticulin cDNA template (Michalak (1999) 
Biochem J. 344 Pt 2:281-292), provided by Dr. Marek Michalak, University of Alberta, 
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Edmonton, Canada, and a set of primers: 5 ? -ccggtctagaatgctgctccctgtgccgct-3' (SEQ ID NO:71) 
and (SEQ ID NO:72) 5'-ccggagatctcagctcgtccttggcctggc-3\ The amplified product was then 
digested with the restriction digest enzymes Xbal and BamHI and further cloned into the Xbal 
and BamHI cloning sites of pcDNA3 vector (Invitrogen, Carlsbad, CA). For the generation of 
5 pcDNA3-CRT/E7, the E7 DNA was amplified by PGR using pcDNA3-E7 as a DNA template 
and a set of primers: 5'-ggggaattcatggagatacaccta-3 5 (SEQ ID NO:73) and 5 5 - 
ggtggatccttgagaacagatgg-3' (SEQ ID NO:74). The amplified E7 DNA fragment was then 
digested with BamHI and further cloned into the BamHI cloning sites of pcDNA3-CRT vector. 
The orientation and accuracy of these constructs was confirmed by DNA sequencing. 

10 Plasmid DNA with CRT, E7 or CRT/E7 gene insert and the "empty" plasmid vector 

were transfected into subcloning-efficient DH5™ 1 cells (Life Technologies, USA). The DNA 
was then amplified and purified using double CsCl purification (BioServe Biotechnologies, 
Laurel, MD). The integrity of plasmid DNA and the absence of Escherichia coli DNA or RNA 
were checked in each preparation using 1% agarose gel electrophoresis. DNA concentration was 

15 determined by the optical density, measured at 260 nm. The presence of inserted E7 fragment 
was confirmed by restriction enzyme digestion and gel electrophoresis. 
GENERAL RECOMBINANT DNA METHODS 

Basic texts disclosing general methods of molecular biology, all of which are 
incorporated by reference, include: Sambrook, J et al, Molecular Cloning: A Laboratory 

20 Manual, 2 nd Edition, Cold Spring Harbor Press, Cold Spring Harbor, NY, 1989; Ausubel, FM et 
al Current Protocols in Molecular Biology, Vol 2, Wiley-hiterscience, New York, (current 
edition); Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); Glover, DM, 
ed, DNA Cloning: A Practical Approach, vol. I & II, IRL Press, 1985; Albers, B. et al, 
Molecular Biology of the Cell, 2 nd Ed., Garland Publishing, Inc., New York, NY (1989); 

25 Watson, JD et al, Recombinant DNA, 2 nd Ed., Scientific American Books, New York, 1992; and 
Old, RW et al, Principles of Gene Manipulation: An Introduction to Genetic Engineering, 2 nd 
Ed., University of California Press, Berkeley, CA (1981). 

Techniques for the manipulation of nucleic acids, such as, e.g., generating mutations in 
sequences, subcloning, labeling probes, sequencing, hybridization and the like are well described 
30 in the scientific and patent literature. See, e.g., Sambrook, ed., MOLECULAR Cloning: a 
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Laboratory Manual (2nd ed.), Vols. 1-3, Cold Spring Harbor Laboratory, (1989); Current 
Protocols in Molecular Biology, Ausubel, ed. John Wiley & Sons, Inc., New York (1997); 
Laboratory Techniques in Biochemistry and Molecular Biology: Hybridization With 
Nucleic Acid Probes, Part I. Tijssen, ed. Elsevier, N.Y. (1993). 
5 Nucleic acids, vectors, capsids, polypeptides, and the like can be analyzed and quantified 

by any of a number of general means well known to those of skill in the art. These include, e.g., 
analytical biochemical methods such as NMR, spectrophotometry, radiography, electrophoresis, 
capillary electrophoresis, high performance liquid chromatography (HPLC), thin layer chroma- 
tography (TLC), and hyperdiffusion chromatography, various immunological methods, e.g. fluid 
10 or gel precipitin reactions, immunodiffusion, immuno-electrophoresis, radioimmunoassays 

(RIAs), enzyme-linked immunosorbent assays (ELISAs), immunofluorescence assays, Southern 
analysis, Northern analysis, dot-blot analysis, gel electrophoresis {e.g., SDS-PAGE), RT-PCR, 
quantitative PGR, other nucleic acid or target or signal amplification methods, radiolabeling, 
scintillation counting, and affinity chromatography. 

15 Amplification of Nucleic Acids 

Oligonucleotide primers can be used to amplify nucleic acids to generate fusion protein 
coding sequences used to practice the invention, to monitor levels of vaccine after in vivo 
administration {e.g., levels of a plasmid or virus), to confirm the presence and phenotype of 
activated CTLs, and the like. The skilled artisan can select and design suitable oligonucleotide 

20 amplification primers using known sequences. Amplification methods are also well known in 
the art, and include, e.g., polymerase chain reaction, PCR {PCR Protocols, A Guide to Methods 
and Applications, ed. Innis, Academic Press, N.Y. (1990) and PCR Strategies (1995), ed. Innis, 
Academic Press, Inc., N.Y., ligase chain reaction (LCR) (Wu (1989) Genomics 4:560; 
Landegren (1988) Science 241:1077; Barringer (1990) Gene 89:117); transcription amplification 

25 (Kwoh (1989) Proc. Natl. Acad. Sci. USA 86:1 173); and, self-sustained sequence replication 

(Guatelli (1990) Proc. Natl. Acad. Sci. USA 87:1874); QP replicase amplification (Smith (1997) 
J. Clin. Microbiol. 35:1477-1491; Burg (1996) Mol. Cell. Probes 10:257-271) and other RNA 
polymerase mediated techniques (NASBA, Cangene, Mississauga, Ontario; Berger (1987) 
Methods Enzymol. 152:307-316; U.S. Patent Nos. 4,683,195 and 4,683,202; Sooknanan (1995) 

30 Biotechnology 13:563-564). 
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Unless otherwise indicated, a particular nucleic acid sequence is intended to encompasses 
conservative substitution variants thereof (e.g., degenerate codon substitutions) and a 
complementary sequence. The term "nucleic acid" is synonymous with "polynucleotide" and is 
intended to include a gene, a cDNA molecule, an mRNA molecule, as well as a fragment of any 
5 of these such as an oligonucleotide, and further, equivalents thereof (explained more fully 

below). Sizes of nucleic acids are stated either as kilobases (kb) or base pairs (bp). These are 
estimates derived from agarose or polyacrylamide gel electrophoresis (PAGE), from nucleic acid 
sequences which are determined by the user or published. Protein size is stated as molecular 
mass in kilodaltons (kDa) or as length (number of amino acid, residues). Protein size is 

10 estimated from PAGE, from sequencing, from presumptive amino acid sequences based on the 
coding nucleic acid sequence or from published amino acid sequences. 

Specifically, cDNA molecules encoding the amino acid sequence corresponding to the 
fusion polypeptide of the present invention or fragments or derivatives thereof can be 
synthesized by the polymerase chain reaction (PCR) (see, for example, U.S. 4,683,202) using 

15 primers derived the sequence of the protein disclosed herein. These cDNA sequences can then 
be assembled into a eukaryotic or prokaryotic expression vector and the resulting vector can be 
used to direct the synthesis of the fusion polypeptide or its fragment or derivative by appropriate 
host cells, for example COS or CHO cells. 

This invention includes isolated nucleic acids having a nucleotide sequence encoding the 

20 novel fusion polypeptides that comprise a translocation polypeptide and an antigen, fragments 
thereof or equivalents thereof. The term nucleic acid as used herein is intended to include such 
fragments or equivalents. The nucleic acid sequences of this invention can be DNA or RNA. 

A cDNA nucleotide sequence the fusion polypeptide can be obtained by isolating total 
mRNA from an appropriate cell line. Double stranded cDNA. is prepared from total mRNA. 

25 cDNA can be inserted into a suitable plasmid, bacteriophage or viral vector using any one of a 
number of known techniques. 

In reference to a nucleotide sequence, the term "equivalent" is intended to include 
sequences encoding structurally homologous and/or a functionally equivalent proteins. For 
example, a natural polymorphism in a nucleotide sequence encoding an anti-apoptotic 

30 polypeptide according to the present invention (especially at the third base of a codon) may be 

manifest as "silent" mutations which do not change the amino acid sequence. Furthermore, there 
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maybe one or more naturally occurring isoforms or related, immunologically cross-reactive 
family members of these proteins. Such isoforms or family members are defined as proteins that 
share function amino acid sequence similarity to the reference polypeptide. 
Fragment of Nucleic Acid 
5 A fragment of the nucleic acid sequence is defined as a nucleotide sequence having fewer 

nucleotides than the nucleotide sequence encoding the full length translocation polypeptide, 
antigenic polypeptide or the fusion thereof. This invention includes such nucleic acid fragments 
that encode polypeptides which retain (1) the ability of the fusion polypeptide to induce 
increases in frequency or reactivity of T cells, preferably CD8+ T cells, that are specific for the 
10 antigen part of the fusion polypeptide. 

For example, a nucleic acid fragment as intended herein encodes an anti-apoptotic 
polypeptide that retains the ability to improve the inrmunogenicity of an antigen vaccube when 
administered as a chimeric DNA with antigen-encoding sequence, or when co-administered 
therewith. 

15 Generally, the nucleic acid sequence encoding a fragment of an anti-apoptotic 

polypeptide comprises of nucleotides from the sequence encoding the mature protein (or an 

active fragment thereof). 

Nucleic acid sequences of this invention may also include linker sequences, natural or 

modified restriction endonuclease sites and other sequences that are useful for manipulations 
20 related to cloning, expression or purification of encoded protein or fragments. These and other 

modifications of nucleic acid sequences are described herein or are well-known in the art. 

The techniques for assembling and expressing DNA coding sequences for translocation 

types of proteins, and DNA coding sequences for antigenic polypeptides, include synthesis of 

oligonucleotides, PGR, transforming cells, constructing vectors, expression systems, and the 
25 like; these are well-established in the art such that those of ordinary skill are familiar with 

standard resource materials, specific conditions and procedures. 

EXPRESSION VECTORS AND HOST CELLS 

This invention includes an expression vector comprising a nucleic acid sequence 

encoding a anti-apoptotic polypeptide or a targeting polypeptide operably linked to at least one 
30 regulatory sequence. 

71 



WO 2005/047501 



PCT/US2004/005292 



The term "expression vector" or "expression cassette" as used herein refers to a 
nucleotide sequence which is capable of affecting expression of a protein coding sequence in a 
host compatible with such sequences. Expression cassettes include at least a promoter operably 
linked with the polypeptide coding sequence; and, optionally, with other sequences, e.g., 
5 transcription termination signals. Additional factors necessary or helpful in effecting expression 
may also be included, e.g., enhancers. 

"Operably linked" means that the coding sequence is linked to a regulatory sequence in a 
manner that allows expression of the coding sequence. Known regulatory sequences are selected 
to direct expression of the desired protein in an appropriate host cell. Accordingly, the term 

10 "regulatory sequence" includes promoters, enhancers and other expression control elements. 

Such regulatory sequences are described in, for example, Goeddel, Gene Expression Technology. 
Methods in Enzymology, vol. 185, Academic Press, San Diego, Calif. (1990)). 

Thus, expression cassettes include plasmids, recombinant viruses, any form of a 
recombinant "naked DNA" vector, and the like. A "vector" comprises a nucleic acid which can 

1 5 infect, transfect, transiently or permanently transduce a cell. It will be recognized that a vector 
can be a naked nucleic acid, or a nucleic acid complexed with protein or lipid. The vector 
optionally comprises viral or bacterial nucleic acids and/or proteins, and/or membranes (e.g., a 
cell membrane, a viral lipid envelope, etc.). Vectors include, but are not limited to replicons 
(e.g., RNA replicons (see Example 1, below), bacteriophages) to which fragments of DNA may 

20 be attached and become replicated. Vectors thus include, but are not limited to RNA, 

autonomous self-replicating circular or linear DNA or RNA, e.g., plasmids, viruses, and the like 
(U.S. Patent No. 5,217,879), and includes both the expression and nonexpression plasmids. 
Where a recombinant microorganism or cell culture is described as hosting an "expression 
vector" this includes both extrachromosomal circular and linear DNA and DNA that has been 

25 incorporated into the host chromosome(s). Where a vector is being maintained by a host cell, 

the vector may either be stably replicated by the cells during mitosis as an autonomous structure, 
or is incorporated within the host's genome. 

Those skilled in the art appreciate that the particular design of an expression vector of 
this invention depends on considerations such as the host cell to be transfected and/or the type of 

30 protein to be expressed. 
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The present expression vectors comprise the full range of nucleic acid molecules 
encoding the various embodiments of the fusion polypeptide and its functional derivatives 
(defined herein) including polypeptide fragments, variants, etc. 

Such expression vectors are used to transfect host cells {in vitro, ex vivo or in vivo) for 
5 expression of the DNA and production of the encoded proteins which include fusion proteins or 
peptides. It will be understood that a genetically modified cell expressing the fusion polypeptide 
may transiently express the exogenous DNA for a time sufficient for the cell to be useful for its 
stated purpose. 

The present in invention provides methods for producing the fusion polypeptides, 
10 fragments and derivatives. For example, a host cell transfected with a nucleic acid vector that 
encodes the fusion polypeptide is cultured under appropriate conditions to allow expression of 
the polypeptide. 

Host cells may also be transfected with one or more expression vectors that singly or in 
combination comprise DNA encoding at least a portion of the fusion polypeptide and DNA 

15 encoding at least a portion of a second protein, so that the host cells produce yet further fusion 
polypeptides that include both the portions. 

A culture typically includes host cells, appropriate growth, media and other byproducts. 
Suitable culture media are well known in the art. The fusion polypeptide can be isolated from 
medium or cell lysates using conventional techniques for purifying proteins and peptides, 

20 including ammonium sulfate precipitation, fractionation column chromatography (e.g. ion 
exchange, gel filtration, affinity chromatography, etc.) and/or electrophoresis (see generally, 
"Enzyme Purification and Related Techniques", Methods in Enzymology, 22:233-577 (1971)). 
Once purified, partially or to homogeneity, the recombinant polypeptides of the invention can be 
utilized in pharmaceutical compositions as described in more detail herein. 

25 The term "isolated" as used herein, when referring to a molecule or composition, such as 

a translocation polypeptide or a nucleic acid coding therefor, means that the molecule or 
composition is separated from at least one other compound (protein, other nucleic acid, etc.) or 
from other contaminants with which it is natively associated or becomes associated during 
processing.. An isolated composition can also be substantially pure. An isolated composition 

30 can be in a homogeneous state and can be dry or in aqueous solution. Purity and homogeneity 

can be determined, for example, using analytical chemical techniques such as polyacrylamide gel 
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electrophoresis (PAGE) or high performance liquid chromatography (HPLC). Even where a 
protein has been isolated so as to appear as a homogenous or dominant band in a gel pattern, 
there are trace contaminants which co-purify with it. 

Prokaryotic or eukaryotic host cells transformed or transfected to express the fusion 
5 polypeptide or a homologue or functional derivative thereof are within the scope of the 

invention. For example, the fusion polypeptide may be expressed in bacterial cells such as E. 
coli, insect cells (baculovirus), yeast, or mammalian cells such as Chinese hamster ovary cells 
(CHO) or human cells. Other suitable host cells maybe found in Goeddel, (1990) supra or are 
otherwise known to those skilled in the art. 

10 Expression in eukaryotic cells leads to partial or complete glycosylation and/or formation 

of relevant inter- or intra-chain disulfide bonds of the recombinant protein. 

Although preferred vectors are described in the Examples, other examples of expression 
vectors are provided here. Examples of vectors for expression in yeast S. cerevisiae include 
pYepSecl (Baldari et aL, (1987) EMBO J. 6:229-234), pMFa (Kurjan et aL (1982) Cell 30:933- 

15 943), pJRY88 (Schultz et al 9 (1987) Gene 54:113-123), andpYES2 (Invitrogen Corporation, 
San Diego, Calif). Baculovirus vectors available for expression of proteins in cultured insect 
cells (SF 9 cells) include the pAc series (Smith et aL, (1983) MoL Cell Biol. 3:2156-2165,) and 
the pVL series (Lucklow, V. A., and Summers, M. D., (1989) Virology 170:31-39). Generally, 
COS cells (Gluzman, Y., (1981) Cell 23:175-182) are used in conjunction with such vectors as 

20 pCDM 8 (Aruffo A. and Seed, B., supra, for transient amplification/expression in mammalian 

cells, while CHO (^/A/r-negative CHO) cells are used with vectors such as pMT2PC (Kaufman et 
al. (1987), EMBO J. 6:187-195) for stable amplification/expression in mammalian cells. The 
NS0 myeloma cell line (a glutamine synthetase expression system.) is available from Celltech 
Ltd. 

25 Often, in fusion expression vectors, a proteolytic cleavage site is introduced at the 

junction of the reporter group and the target protein to enable separation of the target protein 
from the reporter group subsequent to purification of the fusion protein. Proteolytic enzymes for 
such cleavage and their recognition sequences include Factor Xa, thrombin and enterokinase. 

Typical fusion expression vectors include pGEX (Amrad Corp., Melbourne, Australia), 

30 pMAL (New England Biolabs, Beverly, Mass.) and pRIT5 (Pharmacia, Piscataway, NJ) which 
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fuse glutathione S-transferase, maltose E binding protein, or protein A, respectively, to the target 
recombinant protein. 

Inducible non-fusion expression vectors include pTrc (Amann et al 9 (1988) Gene 
69:301-3 15) and pET lid (Studier et a!., Gene Expression Technology: Methods in Enzymology 
5 185, Academic Press, San Diego, Calif. (1990) 60-89). While target gene expression relies on 
host RNA polymerase transcription from the hybrid trp-lac fusion promoter in pTrc, expression 
of target genes inserted into pET 1 Id relies on transcription from the T7 gnlO-lacO fusion 
promoter mediated by coexpressed viral RNA polymerase (T7gnl). Th is viral polymerase is 
supplied by host strains BL21(DE3) or HMS174(DE3) from a resident X prophage harboring a 
10 T7gnl under the transcriptional control of the lacUV 5 promoter. 
Vector Construction 

Construction of suitable vectors comprising the desired coding and control sequences 
employs standard ligation and restriction techniques which are well understood in the art. 
Isolated plasmids, DNA sequences, or synthesized oligonucleotides are cleaved^ tailored, and re- 
1 5 ligated in the form desired. 

The DNA sequences which form the vectors are available from a number of sources. 
Backbone vectors and control systems are generally found on available "host" vectors which are 
used for the bulk of the sequences in construction. For the pertinent coding seqaence, initial 
construction may be, and usually is, a matter of retrieving the appropriate sequences from cDNA 
20 or genomic DNA libraries. However, once the sequence is disclosed it is possible to synthesize 
the entire gene sequence in vitro starting from the individual nucleotide derivatives. The entire 
gene sequence for genes of sizeable length, e.g., 500-1000 bp maybe prepared by synthesizing 
individual overlapping complementary oligonucleotides and filling in single stranded 
nonoverlapping portions using DNA polymerase in the presence of the deoxyrib onucleotide 
25 triphosphates. This approach has been used successfully in the construction of several genes of 
known sequence. See, for example, Edge, M. D., Nature (1981) 292:756; Nambair, K. P., et al. 9 
Science (1984) 223:1299; and Jay, E., J Biol Chem (1984) 259:6311. 

Synthetic oligonucleotides are prepared by either the phosphotriester method as described 
by references cited above or the phosphoramidite method as described by Beaucage, S. L., and 
30 Caruthers, M. H., Tet Lett (1981) 22:1859; and Matteucci, M. D. 3 and Caruthers* M. H., J Am 
Chem Soc (1981) 103:3185 and can be prepared using commercially available automated 
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oligonucleotide synthesizers. Kinase treatment of single strands prior to annealing or for 
labeling is achieved using an excess, e.g., about 10 units of polynucleotide kinase to 1 nmole 
substrate in the presence of 50 mM Tris, pH 7.6, 10 mM MgCl 2 , 5 mM dithiothreitol, 1-2 mM 
ATP, 1.7 pmoles y- 32 P-ATP (2.9 mCi/mmole), 0.1 mM spermidine, 0.1 mM EDTA. 

Once the components of the desired vectors are thus available, they can be excised and 
ligated using standard restriction and ligation procedures. Site-specific DNA cleavage is 
performed by treating with the suitable restriction enzyme (or enzymes) under conditions which 
are generally understood in the art, and the particulars of which are specified by the manufacturer 
of these commercially available restriction enzymes. See, e.g., New England Biolabs, Product 
Catalog. In general, about 1 mg of plasmid or DNA sequence is cleaved by one unit of enzyme 
in about 20 ml of buffer solution; in the examples herein, typically, an excess of restriction 
enzyme is used to insure complete digestion of the DNA substrate. Incubation times of about one 
hour to two hours at about 37°C. are workable, although variations can be tolerated. After each 
incubation, protein is removed by extraction with phenol/chloroform, and may be followed by 
ether extraction, and the nucleic acid recovered from aqueous fractions by precipitation with 
ethanol. If desired, size separation of the cleaved fragments may be performed by 
polyacrylamide gel or agarose gel electrophoresis using standard techniques. A general 
description of size separations is found in Methods in Enzymology (1980) 65:499-560. 

Restriction cleaved fragments may be blunt ended by treating with the large fragment of 
E. coli DNA polymerase I (Klenow) in the presence of the four deoxynucleotide triphosphates 
(dNTPs) using conventional methods and conditions. Ligations are performed using known, 
conventional methods, hi vector construction employing "vector fragments", the fragment is 
commonly treated with bacterial alkaline phosphatase (BAP) or calf intestinal alkaline 
phosphatase (CIAP) in order to remove the 5' phosphate and prevent self- Alternatively, re- 
ligation can be prevented in vectors which have been double digested by additional restriction 
enzyme and separation of the unwanted fragments. 

Any of a number of methods are used to introduce mutations into the coding sequence to 
generate the variants of the invention. These mutations include simple deletions or insertions, 
systematic deletions, insertions or substitutions of clusters of bases or substitutions of single 
bases. 
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For example, modifications anti-apoptotic DNA or the antigen-encoding DNA sequence 
are created by site-directed mutagenesis, a well-known technique for which protocols and 
reagents are commercially available (Zoller, MJ et aL, Nucleic Acids Res (1982) 10:6487-6500 
and Adelman, JP et aL, DNA (1983) 2:183-193)). Correct ligations for plasmid construction are 
5 confirmed, for example, by first transforming E. coli strain MCI 061 (Casadaban, M., et aL, J 
Mol Biol (1980) 138:179-207) or other suitable host with the ligation mixture. Using 
conventional methods, transformants are selected based on the presence of the ampicillin-, 
tetracycline- or other antibiotic resistance gene (or other selectable marker) depending on the 
mode of plasmid construction. Plasmids are then prepared from the transformants with optional 

10 chloramphenicol amplification optionally following chloramphenicol amplification ((Clewell, 

DB etal , Proc Natl Acad Sci USA(1969) 62:1159; Clewell, D. B., J Bacterial (1972) 1 10:667). 
Several mini DNA preps are commonly used. See, e.g.,, Holmes, DS, et aL, Anal Bioch&m 
(1981) 114:193-197; Birnboim, HC etal. , Nucleic Acids Res (1979) 7:1513-1523. The isolated 
DNA is analyzed by restriction and/or sequenced by the dideoxy nucleotide method of Sanger 

1 5 (Proc Natl Acad Sci USA (1 977) 74:5463) as further described by Messing, et al , Nucleic Acids 
Res (1981) 9:309, or by the method of Maxam et aL Methods in Enzymology (1980) 65:4-99. 

Vector DNA can be introduced into mammalian cells via conventional techniques such 
as calcium phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection, 
lipofection, or electroporation. Suitable methods for transforming host cells can be found, in 

20 Sambrook et al. supra and other standard texts. 

Often, in fusion expression vectors, a proteolytic cleavage site is introduced at the 
junction of the reporter group and the target protein to enable separation of the target protein 
from the reporter group subsequent to purification of the fusion protein. Proteolytic enzymes for 
such cleavage and their recognition sequences include Factor Xa, thrombin and enterokinase. 

25 Known fusion expression vectors include pGEX (Amrad Corp., Melbourne, Australia), 

pMAL (New England Biolabs, Beverly, Mass.) and pRIT5 (Pharmacia, Piscataway, NJ) which 
fuse glutathione S -transferase, maltose E binding protein, or protein A, respectively, to the target 
recombinant protein. 

Inducible non- fusion expression vectors include pTrc (Amann et aL, (1988) Gene 

30 69:301-3 15) and pET 1 Id (Studier et aL, Gene Expression Technology: Methods in Enzymology 
185, Academic Press, San Diego, Calif (1990) 60-89). While target gene expression relies on 
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host RNA polymerase transcription from the hybrid trp-lac fusion promoter in pTrc, expression 
of target genes inserted into pET lid relies on transcription from the T7 gnlO-lacO fusion 
promoter mediated by coexpressed viral RNA polymerase (T7gnl). Th is viral polymerase is 
supplied by host strains BL21(DE3) or HMS174(DE3) from a resident X prophage harboring a 
5 T7gnl under the transcriptional control of the lacUV 5 promoter. 
Promoters and Enhancers 

A promoter region of a DNA or RNA molecule binds RNA polymerase and promotes the 
transcription of an "operably linked" nucleic acid sequence. As used herein, a "promoter 
sequence" is the nucleotide sequence of the promoter which is found on that strand of the DNA 

10 or RNA which is transcribed by the RNA polymerase. Two sequences of a nucleic acid 

molecule, such as a promoter and a coding sequence, are "operably linked" when they are linked 
to each other in a manner which permits both sequences to be transcribed onto the same RNA 
transcript or permits an RNA transcript begun in one sequence to be extended into the second 
sequence. Thus, two sequences, such as a promoter sequence and a coding sequence of DNA or 

15 RNA are operably linked if transcription commencing in the promoter sequence will produce an 
RNA transcript of the operably linked coding sequence. In order to be "operably linked" it is not 
necessary that two sequences be immediately adjacent to one another in the linear sequence. 

The preferred promoter sequences of the present invention must be operable in 
mammalian cells and may be either eukaryotic or viral promoters. Although preferred promoters 

20 are described in the Examples, other useful promoters and regulatory elements are discussed 
below. Suitable promoters may be inducible, repressible or constitutive. A "constitutive" 
promoter is one which is active under most conditions encountered in the cell's environmental 
and throughout development. An "inducible" promoter is one which is under environmental or 
developmental regulation. A "tissue specific" promoter is active in certain tissue types of an 

25 organism. An example of a constitutive promoter is the viral promoter MSV-LTR, which is 
efficient and active in a variety of cell types, and, in contrast to most other promoters, has the 
same enhancing activity in arrested and growing cells. Other preferred viral promoters include 
that present in the CMV-LTR (from cytomegalovirus) (Bashart, M. et al 9 Cell 41:521 (1985)) or 
in the RSV-LTR (from Rous sarcoma virus) (Gorman, CM., Proc. Natl. Acad Set USA 

30 79:6111 (1982). Also useful are the promoter of the mouse metallothionein I gene (Harner, D., 
et al, J- Mol Appl Gem 7:273-288 (1982)); the TK promoter of Herpes virus (McKniglit, S., 
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Cell 57:355-365 (1982)); the SV40 early promoter (Benoist, C., et al 9 Nature 290:304-3 10 
(1981)); and the yeast gal4 gene promoter (Johnston, S.A., et al 9 Proc. Natl Acad. Set (USA) 
72:6971-6975 (1982); Silver, P.A., et al 9 Proc. Natl Acad. Set (USA) 32:5951-5955 (1984)). 
Other illustrative descriptions of transcriptional factor association with promoter regions and the 
5 separate activation and DNA binding of transcription factors include: Keegan et al. 9 Nature 
(1986) 237:699; Fields et al 9 Nature (1989) 340:245; Jones, Cell (1990) 61:9; Lewin, Cell 
(1990) 57:1 161; Ptashne et al 9 Nature (1990) 346:329; Adams et al 9 Cell (1993) 72:306. The 
relevant disclosure of all of these above-listed references is hereby incorporated by reference. 

The promoter region may further include an octamer region which may also function as a 

10 tissue specific enhancer, by interacting with certain proteins found in the specific tissue. The 
enhancer domain of the DNA construct of the present invention is one which is specific for the 
target cells to be transfected, or is highly activated by cellular factors of such target cells. 
Examples of vectors (plasmid or retrovirus) are disclosed in (Roy-Burman et al 9 U.S. Patent No. 
5,1 12,767). For a general discussion of enhancers and their actions in transcription, see, Lewin, 

15 B.M., Genes IV 9 Oxford University Press, Oxford, (1990), pp. 552-576. Particularly useful are 
retroviral enhancers {e.g., viral LTR). The enhancer is preferably placed upstream from the 
promoter with which it interacts to stimulate gene expression. For use with retroviral vectors, 
the endogenous viral LTR may be rendered enhancer-less and substituted with other desired 
enhancer sequences which confer tissue specificity or other desirable properties such as 

20 transcriptional efficiency. 

Nucleic acids of the invention can also be chemically synthesized using standard 
techniques. Various methods of chemically synthesizing polydeoxynucleotides are known, 
including solid-phase synthesis which, like peptide synthesis, has been fully automated with 
commercially available DNA synthesizers (See, e.g. 9 Itakura et al. U.S. Pat. No. 4,598,049; 

25 Caruthers et al U.S. Pat. No. 4,458,066; and Itakura U.S. Pat. Nos. 4,401,796 and 4,373,071, 
incorporated by reference herein). 
PROTEINS AND POLYPEPTIDES 

The terms "polypeptide," "protein," and "peptide" when referring to compositions of the 
invention are meant to include variants, analogues, and mimetics with structures and/or activity 

30 that substantially correspond to the polypeptide or peptide from which the variant, etc., was 
derived. 
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The present invention includes an "isolated" fusion polypeptide comprising a targeting 
polypeptide linked to an antigenic polypeptide. 

The term "chimeric" or "fusion" polypeptide or protein refers to a composition 
comprising at least one polypeptide or peptide sequence or domain that is chemically bound in a 
5 linear fashion with a second polypeptide or peptide domain. One embodiment of this invention 
is an isolated or recombinant nucleic acid molecule encoding a fusion protein comprising at least 
two domains, wherein the first domain comprises an anti-apoptotic polypeptide and the second 
domain comprising an antigenic epitope, e.g., an MHC class I-binding peptide epitope. 
Additional domains can comprise a targeting polypeptide or the like. The "fusion" can be an 

10 association generated by a peptide bond, a chemical linking, a charge interaction {e.g., 

electrostatic attractions, such as salt bridges, H-bonding, etc.) or the like. If the polypeptides are 
recombinant, the "fusion protein" can be translated from a common mRNA. Alternatively, the 
compositions of the domains can be linked by any chemical or electrostatic means. The chimeric 
molecules of the invention (e.g., targeting polypeptide fusion proteins) can also include 

15 additional sequences, e.g., linkers, epitope tags, enzyme cleavage recognition sequences, signal 
sequences, secretion signals, and the like. Alternatively, a peptide can be linked to a carrier 
simply to facilitate manipulation or identification/ location of the peptide. 

Also included is a "functional derivative" of an anti-apoptotic polypeptide (or its coding 
sequence) which refers to an amino acid substitution variant, a "fragment," or a 

20 "chemical derivative" of the protein, which terms are defined below. A functional derivative 
retains measurable anti-apoptotic activity, preferably that is manifest as promoting 
immunogenicity of one or more antigenic epitopes fused thereto or co-administered therewith. 
"Functional derivatives" encompass "variants" and "fragments" regardless of whether the terms 
are used in the conjunctive or the alternative herein. 

25 A functional homologue must possess the above biochemical and biological activity. In 

view of this functional characterization, use of homologous anti-apoptotic proteins including 
proteins not yet discovered, fall within the scope of the invention if these proteins have sequence 
similarity and the recited biochemical and biological activity. 

To determine the percent identity of two amino acid sequences or of two nucleic acid 

30 sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be 

introduced in one or both of a first and a second amino acid or nucleic acid sequence for optimal 
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alignment and non-homologous sequences can be disregarded for comparison purposes). In a 
preferred method of alignment, Cys residues are aligned. 

In a preferred embodiment, the length of a sequence being compared is at least 30%, 
preferably at least 40%, more preferably at least 50%, even more preferably at least 60%, and 
5 even more preferably at least 70%, 80%, or 90% of the length of the reference sequence. The 
amino acid residues (or nucleotides) at corresponding amino acid (or nucleotide) positions are 
then compared. When a position in the first sequence is occupied by the same amino acid 
residue (or nucleotide) as the corresponding position in the second sequence, then the molecules 
are identical at that position (as used herein amino acid or nucleic acid "identity" is equivalent to 

10 amino acid or nucleic acid "homology 5 ')- The percent identity between the two sequences is a 
function of the number of identical positions shared by the sequences, taking into account the 
number of gaps, and the length of each gap, which need to be introduced for optimal alignment 
of the two sequences. 

The comparison of sequences and determination of percent identity between two 

1 5 " sequences can be accomplished using a mathematical algorithm. In a preferred embodiment, the 
percent identity between two amino acid sequences is determined using the Needleman and 
Wunsch (J, Mol Biol 45:444-453 (1970) algorithm which has been incorporated into the GAP 
program in the GCG software package (available at http://www.gcg.com), using either a 
Blossom 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a 

20 length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred embodiment, the percent identity 
between two nucleotide sequences is determined using the GAP program in the GCG software 
package (available at http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight 
of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. In another embodiment, the 
percent identity between two amino acid or nucleotide sequences is determined using the 

25 algorithm of E. Meyers and W. Miller (CABIOS, 4:11-17 (1989)) which has been incorporated 
into the ALIGN program (version 2.0), using a PAM120 weight residue table, a gap length 
penalty of 12 and a gap penalty of 4. 

The nucleic acid and protein sequences of the present invention can further be used as a 
"query sequence" to perform a search against public databases, for example, to identify other 

30 family members or related sequences. Such searches can be performed using the NBLAST and 
XBLAST programs (version 2.0) of Altschul et al (1990) J. Mol Biol 2i5:403-10. BLAST 
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nucleotide searches can be performed with the NBLAST program, score = 100, wordlength =12 
to obtain nucleotide sequences homologous to a reference nucleic acid molecules. BLAST 
protein searches can be performed with the XBLAST program, score = 50, wordlength = 3 to 
obtain amino acid sequences homologous to HVP22 protein molecules. To obtain gapped 
alignments for comparison purposes, Gapped BLAST can be utilized as described in Altschul et 
al (1997) Nucleic Acids Res. 25:3389-3402. When utilizing BLAST and Gapped BLAST 
programs, the default parameters of the respective programs (e.g., XBLAST and NBLAST) can 
be used. See http://www.ncbi.nlm.nih.gov. 

Thus, a homologue of a particular anti-apoptotic polypeptide as described herein is 
characterized as having (a) functional activity of the native anti-apoptotic polypeptideand (b) 
sequence similarity to a native anti-apoptotic polypeptide when determined as above, of at least 
about 20% (at the amino acid level), preferably at least about 40%, more preferably at least about 
70%, even more preferably at least about 90%. 

It is within the skill in the art to obtain and express such a protein using DNA probes 
based on the disclosed sequences. 

Then, the chimeric DNA construct or fusion protein's biological activity can be tested 
readily using art-recognized methods such as those described herein in the Examples. A 
biological assay of the stimulation of antigen-specific T cell reactivity will indicate whether the 
homologue has the requisite activity to qualify as a "functional" homologue. 

A "variant" refers to a molecule substantially identical to either the full protein or to a 
fragment thereof in which one or more amino acid residues have been replaced (substitution 
variant) or which has one or several residues deleted (deletion variant) or added (addition 
variant). A "fragment" of the anti-apoptotic polypeptide refers to any subset of the molecule, 
that is, a shorter polypeptide of the full-length protein. 

A number of processes can be used to generate fragments, mutants and variants of the 
isolated DNA sequence. Small subregions or fragments of the nucleic acid encoding the 
spreading protein, for example 1-30 bases in length, can be prepared by standard, chemical 
synthesis. Antisense oligonucleotides and primers for use in the generation of larger synthetic 
fragment. 

A preferred group of variants are those in which at least one amino acid residue and 
preferably, only one, has been substituted by different residue. For a detailed description of 
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protein chemistry and structure, see Schulz, GE et al, Principles of Protein Structure, Springer- 
Verlag, New York, 1978, and Creighton, T.E., Proteins: Structure and Molecular Properties, 
W.H. Freeman & Co., San Francisco, 1983, which are hereby incorporated by reference. The 
types of substitutions that may be made in the protein molecule may be based on analysis of the 
5 frequencies of amino acid changes between a homologous protein of different species, such as 

those presented in Table 1-2 of Schulz et al (supra) and Figure 3-9 of Creighton {supra). Based 
on such an analysis, conservative substitutions are defined herein as exchanges within one of the 



following five groups: 



1 


Small aliphatic, nonpolar or slightly polar residues 


Ala, Ser, Thr (Pro, Gly); 


2 


Polar, negatively charged residues and their amides 


Asp, Asn, Glu, Gin; 


3 


Polar, positively charged residues 


His 5 Arg, Lys; 


4 


Large aliphatic, nonpolar residues 


Met, Leu, lie, Val (Cys) 


5 


Large aromatic residues 


Phe, Tyr, Trp. 



10 The three amino acid residues in parentheses above have special roles in protein 

architecture. Gly is the only residue lacking a side chain and thus imparts flexibility to the chain. 
Pro, because of its unusual geometry, tightly constrains the chain. Cys can participate in 
disulfide bond formation, which is important in protein folding. 

More substantial changes in biochemical, functional (or immunological) properties are 

15 made by selecting substitutions that are less conservative, such as between, rather than within, 

the above five groups. Such changes will differ more significantly in their effect on maintaining 
(a) the structure of the peptide backbone in the area of the substitution, for example, as a sheet or 
helical conformation, (b) the charge or hydrophobicity of the molecule at the target site, or 
(c) the bulk of the side chain. Examples of such substitutions are (i) substitution of Gly and/or 

20 Pro by another amino acid or deletion or insertion of Gly or Pro; (ii) substitution of a hydrophilic 
residue, e.g., Ser or Thr, for (or by) a hydrophobic residue, e.g.,, Leu, He, Phe, Val or Ala; 
(iii) substitution of a Cys residue for (or by) any other residue; (iv) substitution of a residue 
having an electropositive side chain, e.g.,, Lys, Arg or His, for (or by) a residue having an 
electronegative charge, e.g.,, Glu or Asp; or (v) substitution of a residue having a bulky side 

25 chain, e.g., Phe, for (or by) a residue not having such a side chain, e.g., Gly. 

Most acceptable deletions, insertions and substitutions according to the present invention 
are those that do not produce radical changes in the characteristics of the wild-type or native 
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protein in terms of its intercellular spreading activity and its ability to stimulate antigen specific 
T cell reactivity to an antigenic epitope or epitopes that are fused to the spreading protein. 
However, when it is difficult to predict the exact effect of the substitution, deletion or insertion 
in advance of doing so, one skilled in the art will appreciate that the effect can be evaluated by 
5 routine screening assays such as those described here, without requiring undue experimentation. 
Whereas shorter chain variants can be made by chemical synthesis, for the present 
invention, the preferred longer chain variants are typically made by site-specific mutagenesis of 
the nucleic acid encoding the polypeptide, expression of the variant nucleic acid in cell culture, 
and, optionally, purification of the polypeptide from the cell culture, for example, by 

10 immunoaffinity chromatography using specific antibody immobilized to a column (to absorb the 
variant by binding to at least one epitope). 

The term "chemically linked" refers to any chemical bonding of two moieties, e.g., as in 
one embodiment of the invention, where a translocation polypeptide is chemically linked to an 
antigenic peptide. Such chemical linking includes the peptide bonds of a recombinantly or in 

1 5 vivo generated fusion protein. 

THERAPEUTIC COMPOSITIONS AND THEIR ADMINISTRATION 

A vaccine composition comprising the nucleic acid encoding the fusion polypeptide, or a 
cell expressing this nucleic acid is administered to a mammalian subject, preferably a human. 

20 The vaccine composition is administered in a pharmaceutically acceptable carrier in a 

biologically effective or a therapeutically effective amount, Certain preferred conditions are 
disclosed in the Examples. The composition may be given alone or in combination with another 
protein or peptide such as an immunostimulatory molecule. Treatment may include 
administration of an adjuvant, used in its broadest sense to include any nonspecific immune 

25 stimulating compound such as an interferon. Adjuvants contemplated herein include 
resorcinols, non-ionic surfactants such as polyoxyethylene oleyl ether and n-hexadecyl 
polyethylene ether. 

A therapeutically effective amount is a dosage that, when given for an effective period of 
time, achieves the desired immunological or clinical effect. 
30 A therapeutically active amount of a nucleic acid encoding the fusion polypeptide may 

vary according to factors such as the disease state, age, sex, and weight of the individual, and the 
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ability of the peptide to elicit a desired response in the individual. Dosage regimes may be 
adjusted to provide the optimum therapeutic response. For example, several divided doses may 
be administered daily or the dose may be proportionally reduced as indicated by the exigencies 
of the therapeutic situation. A therapeutically effective amounts of the protein, in cell associated 
5 form may be stated in terms of the protein or cell equivalents. , 

Thus an effective amount is between about 1 nanogram and about 1 gram per kilogram of 
body weight of the recipient, more preferably between about 0.1 |uig/kg and about lOmg/kg, 
more preferably between about 1 jug/kg and about 1 mg/kg. Dosage forms suitable for internal 
administration preferably contain (for the latter dose range) from about 0.1 \ig to 100 jug of 

1 0 active ingredient per unit. The active ingredient may vary from 0.5 to 95% by weight based on 
the total weight of the composition. Alternatively, an effective dose of cells expressing the 
nucleic acid is between about 10 4 and 10 8 cells. Those skilled in the art of immunotherapy will 
be able to adjust these doses without undue experimentation. 

The active compound may be administered in a convenient manner, e.g., injection by a 

15 convenient and effective route. Preferred routes include intradermal "gene gun" delivery, 
subcutaneous, intravenous and intramuscular routes. Other possible routes include oral 
administration, intrathecal, inhalation, transdermal application, or rectal administration. For the 
treatment of existing tumors which have not been completely resected or which have recurred, 
direct intratumoral injection is also intended. 

20 Depending on the route of administration, the active compound may be coated in a 

material to protect the compound from the action of enzymes, acids and other natural conditions 
which may inactivate the compound. Thus it may be necessary to coat the composition with, or 
co-administer the composition with, a material to prevent its inactivation. For example, an 
enzyme inhibitors of nucleases or proteases (e.g., pancreatic trypsin inhibitor, 

25 diisopropylfluorophosphate and trasylol).or in an appropriate carrier such as liposomes 

(including water-in-oil-in- water emulsions as well as conventional liposomes (Strejan et ah, 
(1984) J. Neuroimmunol 7:27). 

As used herein "pharmaceutically acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying 

30 agents, and the like. The use of such media and agents for pharmaceutically active substances is 
well known in the art. Except insofar as any conventional media or agent is incompatible with 
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the active compound, use thereof in the therapeutic compositions is contemplated. 
Supplementary active compounds can also be incorporated into the compositions. 

Preferred pharmaceutically acceptable diluents include saline and aqueous buffer 
solutions. Pharmaceutical compositions suitable for injection include sterile aqueous solutions 
5 (where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersion. Isotonic agents, for example, sugars, polyalcohols such 
as mannitol, sorbitol, sodium chloride may be included in the pharmaceutical composition, hi 
all cases, the composition should be sterile and should be fluid. It should be stable under the 
conditions of manufacture and storage and must include preservatives that prevent 

10 contamination with microorganisms such as bacteria and fungi. Dispersions can also be prepared 
in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary 
conditions of storage and use, these preparations may contain a preservative to prevent the 
growth of microorganisms. 

The carrier can be a solvent or dispersion medium containing, for example, water, 

15 ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and the 
like), and suitable mixtures thereof. The proper fluidity can be maintained, for example, by the 
use of a coating such as lecithin, by the maintenance of the required particle size in the case of 
dispersion and by the use of surfactants. 

Prevention of the action of microorganisms can be achieved by various antibacterial and 

20 antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and 
the like. 

Compositions are preferably formulated in dosage unit form for ease of administration 
and uniformity of dosage. Dosage unit form refers to physically discrete units suited as unitary 
dosages for a mammalian subject; each unit contains a predetermined quantity of active material 

25 (e.g., the nucleic acid vaccine) calculated to produce the desired therapeutic effect, in association 
with the required pharmaceutical carrier. The specification for the dosage unit forms of the 
invention are dictated by and directly dependent on (a) the unique characteristics of the active 
material and the particular therapeutic effect to be achieved, and (b) the limitations inherent in 
the art of compounding such an active compound for the treatment of, and sensitivity of, 

30 individual subjects 
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For lung instillation, aerosolized solutions are used. In a sprayable aerosol preparations, 
the active protein may be in combination with a solid or liquid inert carrier material. This may 
also be packaged in a squeeze bottle or in admixture with a pressurized volatile, normally 
gaseous propellant. The aerosol preparations can contain solvents, buffers, surfactants, and 
5 antioxidants in addition to the protein of the invention. 

Other pharmaceutically acceptable carriers for the nucleic acid vaccine compositions 
according to the present invention are liposomes, pharmaceutical compositions in which the 
active protein is contained either dispersed or variously present in corpuscles consisting of 
aqueous concentric layers adherent to lipidic layers. The active protein is preferably present in 

10 the aqueous layer and in the lipidic layer, inside or outside, or, in any event, in the non- 
homogeneous system generally known as a liposomic suspension. The hydrophobic layer, or 
lipidic layer, generally, but not exclusively, comprises phospholipids such as lecithin and 
sphingomyelin, steroids such as cholesterol, more or less ionic surface active substances such as 
dicetylphosphate, stearylamine or phosphatidic acid, and/or other materials of a hydrophobic 

15 nature. Those skilled in the art will appreciate other suitable embodiments of the present 
liposomal formulations. 

ANTIGENS ASSOCIATED WITH PATHOGENS 

A major use for the present invention is the use of the present nucleic acid compositions 

in therapeutic vaccine for cancer and for major chronic viral infections that cause morbidity and 
20 mortality worldwide. Such vaccines are designed to eliminate infected cells - this requires T 

cell responses as antibodies are often ineffective. The vaccines of the present invention are 

designed to meet these needs. 

Preferred antigens are epitopes of pathogenic microorganisms against which the host is 

defended by effector T cells responses, including cytotoxic T lymphocyte (CTL) and delayed 
25 type hypersensitivity. These typically include viruses, intracellular parasites such as malaria, and 

bacteria that grow intracellularly such as Mycobacteria and Listeria species. Thus, the types of 

antigens included in the vaccine compositions of this invention are any of those associated with 

such pathogens (in addition, of course, to tumor-specific antigens). It is noteworthy that some 

viral antigens are also tumor antigens in the case where the virus is a causative factor in cancer. 
30 la fact, the two most common cancers worldwide, hepatoma and cervical cancer, are 

associated with viral infection. Hepatitis B virus(HBV) (Beasley, R.P. et al 9 Lancet 2, 1 129- 
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1 133 (1981) has been implicated as etiologic agent of hepatomas. 80-90% of cervical cancers 
express the E6 and E7 antigens (exemplified herein) from one of four "high risk" human 
papillomavirus types: HPV-16, HPV-18, HPV-31 and HPV-45 (Gissmann, L. et aL, Ciba Found 
Symp. 120, 190-207 (1986); Beaudenon, S-, et al Nature 321, 246-249 (1986). The HPV E6 
and E7 antigens are the most promising targets for virus associated cancers in immunocompetent 
individuals because of their ubiquitous expression in cervical cancer. In addition to their 
importance as targets for therapeutic cancer vaccines, virus associated tumor antigens are also 
ideal candidates for prophylactic vaccines. Indeed, introduction of prophylactic HBV vaccines 
in Asia have decreased the incidence of hepatoma (Chang, M.H., et al New Engl J. Med. 336, 
1855-1859 (1997), representing a great impact on cancer prevention. 

Among the most important viruses in chronic human viral infections are HPV, HBV, 
hepatitis C Virus (HCV), human immunodeficiency virus (HIV-1 and HIV-2), herpesviruses 
such as Epstein Barr Virus (EBV),cytomegalo virus (CMV) and HSV-1 and HSV-2 and influenza 
virus. Useful antigens include HBV surface antigen or HBV core antigen; ppUL83 or pp89 of 
CMV; antigens of gpl20, gp41 or p24 proteins of HIV-1; ICP27, gD2, gB of HSV; or influenza 
nucleoprotein (Anthony, LS et al, Vaccine 1999; 17:373-83). Other antigens associated with 
pathogens that can be utilized as described herein are antigens of various parasites, includes 
malaria, preferably malaria peptide (NANP)40. 

In addition to its applicability to human cancer and infectious diseases,, the present 
invention is also intended for use in treating animal diseases in the veterinary medicine context. 
Thus, the approaches described herein may be readily applied by one skilled in the art to 
treatment of veterinary herpesvirus infections including equine herpesviruses, bovine viruses 
such as bovine viral diarrhea virus (for example, the E2 antigen), bovine herpesviruses, Marek's 
disease virus in chickens and other fowl; animal retroviral and lentiviral diseases (e.g\, feline 
leukemia, feline immunodeficiency, simian immunodeficiency viruses, etc); pseudorabies and 
rabies; and the like. 

As for tumor antigens, any tumor-associated or tumor-specific antigen that can be 
recognized by T cells, preferably by CTL, can be used. In addition to the HPV-E7 antigen 
exemplified herein is mutant p53 or HER2/neu or a peptide thereof. Any of a number of 
melanoma-associated antigens maybe used, such as MAGE-1, MAGE- 3, MART- 1 /Melan- A, 
tyrosinase, gp75, gplOO, BAGE, GAGE-1, GAGE-2, GnT-V, andpl5 (see, US 6,187,306). 
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The following references set forth principles and current information in the field of basic, 
medical and veterinary virology and are incorporated by reference: Fields Virology, Fields, BN 
et aL, eds., Lippincott Williams & Wilkins* NY, 1996; Principles of Virology: Molecular 
Biology, Pathogenesis, and Control, Flint, SJ. et aL, eds., Amer Society for Microbiology, 
Washington, 1999; Principles and Practice of Clinical Virology, 4th Edition, Zuckerman. A. J. 
et aL, eds, John Wiley & Sons, NY, 1999; The Hepatitis C Viruses, by Hagedorn, CH et aL, eds., 
Springer Verlag, 1999; Hepatitis B Virus: Molecular Mechanisms in Disease and Novel 
Strategies for Therapy, Koshy, R. et aL, eds,, World Scientific Pub Co, 1998; Veterinary 
Virology, Murphy, F.A. et aL, eds., Academic Press, NY, 1999; Avian Viruses: Function and 
Control ^itchiQ, B. W., Iowa State University Press, Ames , 2000; Virus Taxonomy: 
Classification and Nomenclature of Viruses: Seventh Report of the International Committee on 
Taxonomy of Viruses, by M. H. V. Van Regenmortel, MHV et aL, eds., Academic Press; NY, 
2000. 

DELIVERY OF VACCINE NUCLEIC ACID TO CELLS AND ANIMALS 

The Examples below describe certain preferred approaches to delivery of the vaccines of 
the present invention. A broader description of other approaches including viral and nonviral 
vectors and delivery mechanisms follow. 

DNA delivery involves introduction of a "foreign" DNA into a cell ex vivo and 
ultimately, into a live animal or directly into the animal. Several general strategies for gene 
delivery (= delivery of nucleic acid vectors) for purposes that include "gene therapy 55 have been 
studied and reviewed extensively (Yang, N-S., Crit Rev. BiotechnoL 72:335-356 (1992); 
Anderson, W.F., Science 25(5:808-813 (1992); Miller, A.S., Nature 557:455-460 (1992); Crystal, 
R.G., Amer. J. Med. 92(suppl d4):44S-52S (1992); Zwiebel, J. A. et aL, Ann, NY. Acad. Set 
618:394-404 (1991); McLachlin, J.R. et aL, Prog. Nucl. Acid Res. Molec. Biol. 35:91-135 
(1990); Kohn, D.B. et aL, Cancer Invest. 7:179-192 (1989), which references are herein 
incorporated by reference in their entirety). 

One approach comprises nucleic acid transfer into primary cells in culture followed by 
autologous transplantation of the ex vivo transformed cells into the host, either systemically or 
into a particular organ or tissue. 
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The term "systemic administration" refers to administration of a composition or agent 
such as a molecular vaccine as described herein, in a manner that results in the introduction of 
the composition into the subject's circulatory system or otherwise permits its spread throughout 
the body. "Regional 55 administration refers to administration into a specific, and somewhat more 
5 limited, anatomical space, such as intraperitoneal, intrathecal, subdural, or to a specific organ. 
The term "local administration" refers to administration of a composition or drug into a limited, 
or circumscribed, anatomic space, such as intratumoral injection into a tumor mass, 
subcutaneous injections, intramuscular injections. One of skill in the art would understand that 
local administration or regional administration may also result in entry of a composition into the 

1 0 circulatory system. 

For accomplishing the objectives of the present invention, nucleic acid therapy would be 
accomplished by direct transfer of a the functionally active DNA into mammalian somatic tissue 
or organ in vivo. DNA transfer can be achieved using a number of approaches described below. 
These systems can be tested for successful expression in vitro by use of a selectable marker (e.g., 

15 G418 resistance) to select transfected clones expressing the DNA, followed by detection of the 
presence of the antigen-containing expression product (after treatment with the inducer in the 
case of an inducible system) using an antibody to the product in an appropriate immunoassay. 
Efficiency of the procedure, including DNA uptake, plasmid integration and stability of 
integrated plasmids, can be improved by linearizing the plasmid DNA using known methods, 

20 and co-transfection using high molecular weight mammalian DNA as a "carrier". 

The DNA molecules encoding the fusion polypeptides of the present invention may be 
packaged into retrovirus vectors using packaging cell lines that produce replication-defective 
retroviruses, as is well-known in the art (see, for example, Cone, R.D. et al, Proa Natl. Acad. 
Set USA 81:6349-6353 (1984); Mann, R.F. et al, Cell 33:153-159 (1983); Miller, A.D. et al, 

25 Molec. Cell. Biol. 5:431-437 (1985),; Sorge, J., et al, Molec. Cell Biol 4:1730-1737 (1984); 
Hock, R.A. et aL, Nature 320:257 (1986); Miller, A.D. et al, Molec. Cell Biol 6:2895-2902 
(1986). Newer packaging cell lines which are efficient an safe for gene transfer have also been 
described (Bank et al, U.S. 5,278,056. 

This approach can be utilized in a site specific manner to deliver the retroviral vector to 

30 the tissue or organ of choice. Thus, for example, a catheter delivery system can be used (Nabel, 
EG et al, Science 244:1342 (1989)). Such methods, using either a retroviral vector or a 
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liposome vector, are particularly useful to deliver the nucleic acid to be expressed to a blood 

vessel wall, or into the blood circulation of a tumor. 

Other virus vectors may also be used, including recombinant adenoviruses (Horowitz, 

M.S., La: Virology, Fields, BN et al, eds, Raven Press, New York, 1990, p. 1679; Berkner, K.L., 
5 Biotechniques 6:616 9191988), Strauss, S.E., In: The Adenoviruses, Ginsberg, HS, ed., Plenum 

Press, New York, 1984, chapter 11), herpes simplex virus (HSV) for neuron-specific delivery 

and persistence. Advantages of adenovirus vectors for human gene delivery include the fact that 

recombination is rare, no human malignancies are known to be associated with such viruses, the 

adenovirus genome is double stranded DNA which can be manipulated to accept foreign genes 
10 of up to 7.5 kb in size, and live adenovirus is a safe human vaccine organisms. Adeno- 

associated virus is also useful for human therapy (Samulski, R.J. et aL, EMBO J. i#:3941 (1991) 

according to the present invention. 

Another vector which can express the DNA molecule of the present invention, and is 

useful in the present therapeutic setting, particularly in humans, is vaccinia virus, which can be 
15 rendered non-replicating (U.S. Patents 5,225,336; 5,204,243; 5,155,020; 4,769,330; Sutter, G et 

aL, Proc. Natl Acad. Sci. USA (1992) 59:10847-10851; Fuerst, T.R. et aL, Proc. Natl. Acad. 

Set USA (1989) 55:2549-2553; FalknerRG. et aL; Nucl. Acids Res (1987) i5:7192; 

Chakrabarti, S et aL, Molec. Cell. BioL (1985) 5:3403-3409). Descriptions of recombinant 

vaccinia viruses and other viruses containing heterologous DNA and their uses in immunization 
20 and DNA therapy are reviewed in: Moss, B., Curr. Opin. Genet. Dev. (1993) 3:86-90; Moss, B. 

Biotechnology (1992) 20:345-362; Moss, B., Curr Top Microbiol Immunol (1992) i 55:25-38; 

Moss, B., Science (1991) 252:1662-1667; Piccini, A et al.,Adv. Virus Res. (1988) 34:43-64; 

Moss, B. etaL, Gene Amplif Anal (1983) 3:201-213. 

In addition to naked DNA or RNA, or viral vectors, engineered bacteria may be used as 
25 vectors. A number of bacterial strains including Salmonella, BCG and Listeria 

moriocytogenes(lM) (Hoiseth & Stocker, Nature 291, 238-239 (1981); Poirier, TP et aL J. Exp. 

Med. 168, 25-32 (1988); (Sadoff, J.C., et aL, Science 240, 336-338 (1988); Stover, C.K., et aL, 

Nature 351, 456-460 (1991); Aldovini, A. et al.„ Nature 351, 479-482 (1991); Schafer, R., et 

aL, J. Immunol. 149, 53-59 (1992); Dconomidis, G. et aL, J. Exp. Med. 180, 2209-2218 (1994)). 
30 These organisms display two promising characteristics for use as vaccine vectors: (1) enteric 
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routes of infection, providing the possibility of oral vaccine delivery; and (2) infection of 
monocytes/macrophages thereby targeting antigens to professional APCs. 

In addition to virus-mediated gene transfer in vivo, physical means well-known in the art 
can be used for direct transfer of DNA, including administration of plasmid DNA (Wolff et al 9 
1990, supra) and particle-bombardment mediated gene transfer (Yang, N.-S., et aL, Proa Natl. 
Acad. Sci. USA 57:9568 (1990); Williams, R.S. etal.,Proa Natl Acad. Set USA 88:2726 
(1991); Zelenin, A.V. et aL, FEBS Lett. 280:94 (1991); Zelenin, A.V. et aL, FEES Lett. 244:65 
(1989); Johnston, S.A. et aL, In Vitro Cell. Dev. Biol. 27:11 (1991)). Furthermore, 
electroporation, a well-known means to transfer genes into cell in vitro, can be used to transfer 
DNA molecules according to the present invention to tissues in vivo (Titomirov, A.V. et aL, 
Biochim. Biophys. Acta 1088:131 ((1991)). 

"Carrier mediated gene transfer" has also been described (Wu, C.H. et aL, J. Biol. Chem. 
264:16985 (1989); Wu, G.Y. etal.,J.Biol. Chem. 263:14621 (1988); Soriano, P. etal.,Proa 
Natl. Acad. Sci. USA 80:712$ (1983); Wang, C-Y. et aL, Proa Natl. Acad. Sci. USA 84:7851 
(1982); Wilson, J.M. et aL, J. Biol. Chem. 267:963 (1992)). Preferred carriers are targeted 
liposomes (Nicolau, C. et aL, Proa Natl. Acad. Sci. USA 80:1068 (1983); Soriano et aL, supra) 
such as immunoliposomes, which can incorporate acylated mAbs into the lipid bilayer (Wang et 
aL, supra). Polycations such as asialoglycoprotein/polylysine (Wu et aL, 1989, supra) may be 
used, where the conjugate includes a molecule which recognizes the target tissue (e.g., 
asialoorosomucoid for liver) and a DNA binding compound to bind to the DNA to be 
transfected. Polylysine is an example of a DNA binding molecule which binds DNA without 
damaging it. This conjugate is then complexed with plasmid DNA according to the present 
invention for transfer. 

Plasmid DNA used for transfection or microinjection may be prepared using methods 
well-known in the art, for example using the Quiagen procedure (Quiagen), followed by DNA 
purification using known methods, such as the methods exemplified herein. 

Having now generally described the invention, the same will be more readily understood 
through reference to the following examples which are provided by way of illustration, and are 
not intended to be limiting of the present invention, unless specified. 
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EXAMPLE I 

Co-administration of DNA Encoding Anti-apoptotic Proteins Enhances 

DNA Vaccine Potency 

(This example incorporates by reference TWKim et al,. J. Clin. Invest. 112:109-117, 2003 July) 
A. Materials and Methods 

PlasmidDNA constructs and DNA preparation. The generation of pcDNA3-E7 (4), 
pCMV(neo)-Sig/E7/LAMP-l (Ji, H., et al, 1999,. Hum. Gene Ther. 10:2727-40), andpDNA3- 
E7/GFP (Hung, CF et al, 2001. Cancer Res. 61:3698-3703) has been described previously. The 
plasmid containing influenza hemagglutinin (HA), pcDNA3-HA, was provided by Drew Pardoll 
at the Johns Hopkins School of Medicine. The pEBB-XIAP (Clem, R.J., et al, 2001, J. Biol. 
Chem. 276:7602-08), pcDNA3-FLICEc-s (Muzio, M. et al, 1996, Cell 85:817-827), andpSG5 
plasmids encoding BCL-xL mt 7 (mutant BLC-xL) (Cheng, EH et al, 1996, Nature 379:554- 
56), BCL-2 (Cheng, EH et al., 1997, Science 278:1966-68), or dn caspase-9 (Stennicke, HR et 
al., 1999, J. Biol. Chem. 274:8359-62) have been generated in J. Marie Hardwick's lab. To 
generate pcDNA3-Sig/E7/LAMP-l, Sig/E7/LAMP-1 was isolated from pCMV(neo)- 
Sig/E7/LAMP-1 (Ji et al, supra) and cloned into the EcoRI/BamHI sites of pcDNA3. For the 
generation of pcDNA3-OVA, the DNA fragment encoding OVA was amplified by a set of 
primers, 5'-cccgaattcatgggctccatcggcgcagc-3' [SEQ ID NO:75] and 

5'-cccggatccaaattcttcagagacgcttgc-3' [SEQ ID NO:76], and OVA cDNA from Michael Bevan of 
the University of Washington (Seattle, WA. The amplified product was further cloned into the 
EcoRI/BamHI sites of pcDNA3. For the generation of pSG5-XIAP, the DNA fragment encoding 
XIAP was amplified with PCR using pEBB-XIAP as template and a set of primers: 
5'-gctaggatccatgacttttaacagttttgaagg-3' [SEQ ID NO:77] and 

5'-gcacggatccttaagacataaaaattttttgct-3' [SEQ ID NO:78]. The amplified product was further 
cloned into the BamHI cloning site of pSG5. For the generation of pSG5-dn caspase-8, the DNA 
fragment of dn caspase-8 was amplified with PCR using pcDNA3-FLICEc-s as a template and a 
set of primers, 5'-gctaggatccatggacttcagcagaaatcttt-3' [SEQ ID NO:79] and 
5'-gcacggatcctcaatcagaagggaagacaag-3' [SEQ ID NO:80]. The amplified product was further 
cloned into the BamHI cloning site of pSG5. For the generation of pSG5-caspase- 3 and pSG5- 
mt caspase-3, the DNA fragments of caspase-3 and its mutant were amplified with PCR using 
C2P-caspase-3-GFP and C2P-caspase- 3^9(C163)-GFP (Colussi, PA et al, 1998, J. Biol 
Chem. 273:26566-70) as a template, respectively, and a set of primers, 
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5'-ccgtcagatccgctagcgctaccgg-3 5 [SEQIDNO:81] and 5'-gtgcatcccttaggtgataaaaatagagttc-3' 
[SEQ ID NO:82]. The amplified product was further cloned into the BamHI sites of pSG5. The 
accuracy of these constructs was confirmed by DNA sequencing. The DNA was amplified in 
Escherichia coli DH5x and purified as described previously (Chen C.H. et al„ 2000, Cancer 
Res. 60:1035-42). 

Western blot analysis. The expression of pro-apoptotic and anti-apoptotic proteins in COS-7 
cells transfected with DNA encoding anti-apoptotic protein was characterized by Western blot 
analysis. The DNA encoding the various pro-apoptotic and anti-apoptotic proteins also contains 
an HA epitope (YPYDBPDYA; [SEQ ID NO: 83]) at the 5' end of the encoded protein to serve 
as a tag. Western blot analysis was performed with 50 jug of the cell lysate derived from COS-7 
cells transfected with the various DNA constructs encoding the pro-apoptotic and anti-apoptotic 
proteins and anti-HA mouse mAb (clonel2CA5; Roche Diagnostics Corp., Indianapolis, 
Indiana, USA) using the method described previously (Hung, C.F. et al., supra). 
Mice. Six- to eight-week-old female C57BL/6 mice were purchased from the National Cancer 
Institute (Frederick, Maryland, USA) and kept in the oncology animal facility of the Johns 
Hopkins Hospital (Baltimore, Maryland, USA). 

DNA vaccination. DNA-coated gold particles were prepared according to a protocol described 
previously (Chen et al, supra). DNA-coated gold particles were delivered to the shaved 
abdominal region of mice using a helium-driven gene gun (Bio-Rad Laboratories Inc., Hercules, 
CA) with a discharge pressure of 400 psi. C57BL/6 mice were immunized with 2 |ug of the 
plasmid encoding E7, Sig/E7/LAMP-1, HA, or OVA mixed with 2 jug of pSG5, pSG5-BCL-xL, 
pSG5-XIAP, pSG5-BCL-2, pSG5-dn caspse-9, pSG5-dn caspase-8, pSG5-mt BCL-xL, pSG5- 
caspase-3, or pSG5-mt caspase-3. The mice received a booster with the same dose 1 week later. 
Intracellular cytokine staining and flow-cytometry analysis. Splenocytes were harvested from 
mice 1 week after the last vaccination. Prior to intracellular cytokine staining, 4xl0 6 pooled 
, splenocytes from each vaccination group were incubated for 16 hours with either 1 p,g/ml of E7 
(RAHYNTVTF [SEQ ID NO:84]), HA (IYSTVASSL [SEQ ID NO:85]), or OVA peptide 
(SHNFEKL [SEQ ID NO:86]) containing an MHC class I epitope for detecting antigen-specific 
CD8+ T cell precursors. Intracellular IFNy staining and flow-cytometric analysis were 
performed as described previously (Chen et al, supra) using a Becton-Dickinson FACScan with 
CELLQuest software (Becton Dickinson hnmunocytometry Systems, Mountain View, CA) 
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In Vivo Tumor Protection and Tumor-Treatment . The HPV-16 E7-expressing murine tumor 
TC-1, has been described previously (Lin, KY. et al, 1996, Cancer Res. 56:21-26). In brief, 
HPV-16 E6, E7, and ras oncogene were used to transform primary C57BL/6 murine lung 
epithelial cells to generate the TC-1 line. For the tumor-protection, C57BL/6 mice (5/group) 
5 were challenged s.c. with 5xl0 4 TC-1 tumor cells per mouse in the right leg one week after the 

last vaccination. Mice were monitored for evidence of tumor growth by palpation and inspection 
twice a week. To study the subset of lymphocytes that are important for the antitumor effects, in 
vivo antibody depletion studies were performed using the method described previously by Lin et 
aL, supra. mAb GK1.5 was used for CD4+ cell depletion, mAb 2.43 for CD8+ cell depletion. 

10 mAb PK136 was used for NK cell depletion. 

For the tumor-treatment, 10 4 TC-1 tumor cells were first injected i.v. via the tail vein to 
simulate hematogenous spread of tumors. Mice were treated with the DNA composition 3 days 
after tumor inoculation. Mice were monitored twice a week and sacrificed on day 42 after the 
last vaccination. The mean number of pulmonary nodules per mouse was evaluated by an 

15 experimenter blinded to sample identity. In vivo tumor protection, Ab depletion, and tumor- 
treatment experiments were performed three times and gave reproducible results. 
Preparation of CDllc+ cells from inguinal lymph nodes (LN) of vaccinated mice. C57BL/6 
mice (3/group) received 12 nonoverlapping intradermal inoculations with a gene gun on their 
abdominal region. Gold particles used for each inoculation were coated with 1 j^g of pcDNA3- 

20 E7/GFP DNA mixed with 1 fig of pSG5 encoding BCL-xL, mt BCL-xL, caspase-3, or no insert. 
The pcDNA3 (no insert) mixed with pSG 5 -BCL-xL served as a negative control. Inguinal LNs 
were harvested 1 or 5 days later and single cell suspension were prepared from each LN. 
CD1 lc+ cells were enriched in these LN cell populations using CD1 lc (N418) microbeads 
(Miltenyi Biotec, Auburn, California, USA). Enriched GDI lc+ cells were analyzed in flow 

25 cytometry by forward and side scatter and gated around a population of cells with size and 

granularity of DCs. The percentage of CD1 lc+ cells in the gated area was characterized by using 
phycoerythrin (PE) -conjugated anti-CD 1 lc mAb (PharMingen, San Diego, California, USA). 
GFP-positive cells were analyzed by flow-cytometry using a protocol described previously 
(Lappin, MB et al, 1999,. Immunology. 98:181-88). Data are expressed as percentage of 

30 CD1 lc+ GFP+ cells among gated monocytes. Detection of apoptotic cells in the GDI lc+ GFP+ 
population was performed using an annexin V-PE apoptosis detection Kit-I (BD Bioscience, San 
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Diego, CA) according to the vendor's protocol. The percentage of apoptotic cells was analyzed 
flow-cytometrically by gating GDI lc+ GFP4- cells. 

Activation of an E7 -specific CD5+ T cell line by CDllcenriched cells from vaccinated mice. 
Mice were vaccinated, and enriched GDI lc+ cells were collected as described above. CD1 lc- 
enriched cells (2 x 10 4 ) were incubated with 2xl0 6 cells of the E7-specific CD8+ T cell line 
(Wang, TL et al, 2000, Gene Titer. 7:726-33) for 16 hours. Cells were stained for both surface 
CD8 and intracellular IFNy and analyzed by flow-cytometry as above. 

Statistical analysis. All data expressed as means ± SE are representative of at least two different 
experiments. Data for intracellular cytokine staining with flow cytometry analysis and tumor 
treatment experiments were evaluated by ANOVA. Comparisons between individual data points 
were made using Student's t test. 
B. Results 

Co-administration ofEJDNA with DNA encoding anti-apoptotic factors significantly enhanced 
E7-specific CD5+ T cell-mediated immune responses 

The inventors hypothesized that DNA encoding anti-apoptotic proteins would enhance 
E7-specific CD8+ T cell immune responses when co-administered with E7 DNA. They 
therefore generated DNA constructs encoding anti-apoptotic proteins. Expression of anti- 
apoptotic proteins was confirmed in transfected COS-7 cells by Western blot analysis, and the 
expression levels of wild-type and mutant forms of these proteins was equivalent. 

To enumerate E7-specific CD8+ T cell precursors generated by vaccination with E7 
DNA mixed with DNA encoding anti-apoptotic or pro-apoptotic proteins, intracellular cytokine 
staining was performed and the cells analyzed by flow cytometry. As shown in Figure 1 A and 
IB, mice vaccinated with E7 DNA mixed with BCL-xL DNA had the highest frequency of E7- 
specific IFNy-secreting CD8+ T cell precursors (58.3 ± 9.5 / 3 x 10 5 splenocytes), more than 1 1- 
fold greater than the number of precursors in subjects vaccinated with E7 DNA mixed with 
control pSG5 vector (no insert) (5.0±1.0 / 3 x 10 5 splenocytes) (P < 0.01). Similarly, vaccination 
with E7 DNA mixed with DNA encoding other anti-apoptotic proteins also led to increased 
numbers of E7-specific CD8+ T cells (expressed per 3xl0 5 spleen cells: E7 + XIAP (50.7 ± 
3.8); E7 plus BCL-2 (48.7 ± 3.1); E7 plus dn caspase-9 (28.0 ± 3.0); and E7 plus dn caspase-8 
(23.7 ± 1.5). In contrast, co-administerring E7 DNA with DNA encoding a pro-apoptotic 
protein, caspase-3, did not augment the number of E7-specific CD8+ T cell precursors (2.3 ± 
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0.6). The results also indicated that E7 antigen was required for this immune-enhancing effect 
since an antigen-negative control, pcDNA3 (no insert) co-administered with BCL-xL did not 
enhance E7-specific CD8+ T cell activity (4.3 ± 2.1). Thus, co-administration of E7 DNA with 
DNA encoding anti-apoptotic factors markedly increases the number of antigen-specific CD8+ T 
5 cell precursors. 

Vaccination with E7 DNA mixed with DNA encoding anti-apoptotic protein leads to protection 
against E7+ tumors 

To determine if the observed enhancement in E7-specific CD8+ T cell-mediated 
immunity led to a significant E7-specific antitumor effect, an in vivo tumor-protection study was 

1 0 done using a previously described system, TC-1 . As shown in Figure 1C, 80% of mice receiving 
E7 DNA mixed with BCL-xL DNA remained tumor free 46 days after TC-1 challenge. In 
contrast, all of the mice receiving E7 DNA mixed with pSG5 (no insert) or caspase-3 (pro- 
apoptotic) developed tumors by day 46. Similarly, co-administration of DNA encoding either 
XIAP or BCL-2, like BCL-xL, resulted in significant antitumor effects by inhibiting tumor 

1 5 formation in a subcutaneous tumor model. 

In vivo Ab depletion studies were done to determine the subsets of lymphocytes 
important for these antitumor effects. As shown in Figure ID, 100% of the mice depleted of 
CD8+ T cells grew tumors within 2 weeks after TC-1 challenge. In contrast, 100% of the mice 
depleted of CD44- T cells or NK cells remained tumor-free 42 days after TC-1 challengem 

20 indicating that CD8 4 " T cells were important for the antitumor effects 

Co-administration of DNA encoding HA or OVA with DNA encoding anti-apoptotic protein 
leads to enhanced antigen-specific CD8+ T cell immune responses. 

To determine if the observed enhancement of CD8+ T cell-mediated immunity is a 
general phenomenon that occurs with other antigens, studies were done with different antigen- 

25 expressing DNA vaccines in combination with DNA encoding anti-apoptotic proteins. Mice 
were immunized with pcDNA3 vectors containing DNA encoding the well-characterized 
antigens HA or OVA, mixed with pSG5 DNA containing no insert or BCL-xL. Using 
intracellular cytokine staining and flow cytometry, the inventors found that the combination of 
pcDNA3-HA or pcDNA3-OVA mixed with BCL-xL cells increased the number of antigen- 

30 specific CD8 + T cell precursors compared to vaccination of pcDNA3-HA or pcDNA3-OVA 
mixed with pSG5 (no insert), respectively (Figure 2A and 2B). These results suggest by co- 
administering DNA encoding an anti-apoptotic protein, an DNA encoding any antigen would be 
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rendered more immunogenic as measured by an increase in the number of antigen-specific CD8 + 
T cell precursors. 

Immunogenic compositions that target antigen intracellularly to desired subcellular 
compartments and enhance MHC class I and/or class II presentation of antigen to CD8+ and 
CD4+ T cells, respectively were described in the present inventors' earlier publications (Ji et al, 
supra; Chen et al, supra; WF Cheng et al, J. Clin. Invest. 108:669-678). One such vaccine, 
Sig/E7/LAMP-1 DNA (signal peptide/E7/lysosome- associated membrane protein) is able to 
target E7 to the endosomal/lysosomal compartments, which enhances MHC class II presentation 
of E7 to CD4+ T cells and also increase the number of E7- specific CD8+ T cells resulting in 
prevention of tumor development (Ji et al, supra ). 

Studies were conducted to assess the effect of co-administering DNA encoding anti- 
apoptotic proteins with DNA encoding E7 linked to a targetingpolypeptide Mice were 
vaccinated with Sig/E7/ LAMP-1 DNA mixed with DNA encoding different anti-apoptotic or 
pro-apoptotic proteins. As shown in Figure 3 A and 3B, co-administration of Sig/E7/LAMP-1 
DNA with BCL-xL DNA generated the highest frequency of E7-specific IFNy-secreting CD8+ T 
cell precursors (per 3 x 10 5 splenocytes): 1,752.7 ± 99.9 which was greater than the number 
observed in mice vaccinated with Sig/E7/LAMP-1 DNA mixed with pSG5 (no insert) (167.3 ± 
16.2; P < 0.01, ANOVA) or E7 DNA mixed with pSG5-BCLxL (58.3 ± 9.5 (see Figure 1 A-1C). 
Similarly, combined vaccination of Sig/E7/LAMP-1 DNA with DNA encoding other anti- 
apoptotic proteins increased E7-specific CD8+ T cell precursor numbers (per 3 x 10 5 
splenocytes: Sig/E7/LAMP-1 plus XIAP (1,530.7 ± 115.6), Sig/E7/LAMP-1 plus BCL-2 
(1,462.7 ± 99.9), Sig/E7/LAMP-1 plus dn caspase-9 (619.7 ± 62.1), and Sig/E7/LAMP-1 plus dn 
caspase-8 (430.0 ± 25.9). 

Mice vaccinated with pcDNA3-Sig/E7/LAMP-l mixed with pSG5-BCL-xL 
demonstrated significantly higher numbers of E7-specific CD4+ T cells (6-fold higher) than 
mice vaccinated with pcDNA3-Sig/E7/LAMP-l mixed with pSG5, indicating that the anti- 
apoptotic DNA als enhanced class E-mediated presentation of antigen to CD4+ T cells. 

Gene Gun Co-administration of Sig/E7 /LAMP-1 DNA with DNA Encoding Mutant BCL-xL, 
caspase-3, or mt caspase-3 Does Not Activate E7-specific CD8+ T cell Activity 

A mutation abrogating the anti-apoptotic function of BCL-xL was evaluated. Although 

vaccination with Sig/E7/LAMP-1 DNA mixed with BCL-xL DNA led to a marked increase in 
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the number of E7-specific IFN-y secreting CD8+ T cell precursors (1,816 ± 54.7), this type of 
response was not observed when the DNA encoding defective mutant BCL-xL was used (pSG5- 
mt BCL-xL) (168 ± 16.3; P < 0.001, ANOVA) (Figure 3C and 3D). In addition, co- 
administration of pcDNA3 -Sig/E7/LAMP- 1 with DNA encoding a wild-type pro-apoptotic 
5 protein, caspase-3, or a caspase-3 mutant with somewhat attenuated pro-apoptotic function 

(Sasaki, S et aL, 2001, Nat. BiotechnoL 19:543-47) led to a significant decrease in E7-specific 
CD8+ T cell precursor numbers (5 ± 1.3/3 x 10 5 splenocyhte and 52/ 9.7 x 10 5 splenocytes, 
respectively) compared with mice vaccinated with the mixture of Sig/E7/LAMP-1 DNA and 
control DNA encoding pSG5 (no insert). The results indicate that the anti-apoptotic function of 
10 BCL-xL is critical for the observed immunological enhancement. 

Long-term E7 -specific CD8+ T cell Memory after Co-administration of Sig/E7/LAMP-1 DNA 
and DNA encoding BCL-xL 

The antigen-specific CD8 + T cell immune response was evaluated in mice vaccinated 

with various combinations of DNA constructs at one, seven, twelve, and fourteen weeks after the 

1 5 last antigen-coding DNA vaccination. As shown in Figure 3E, mice vaccinated with pcDNA3- 
Sig/E7/LAMP-1 mixed with pSG5-BCL-xL generated consistently highest numbers of E7 
specific CD84- T cell precursors throughout the duration of the study compared to mice 
vaccinated with pcDNA3-Sig/E7/LAMP-l DNA mixed with control pSG5 DNA or pro- 
apoptotic pSG5-casp-3. This is evidence for the generation of long-term antigen-specific CD8 + T 

20 cell memory. 

DCs in Lngtdnal LNs Survive Longer after Transfection by Co-administration of E7/GFP DNA 

with DNA encoding Anti-apoptotic Protein. 

Following intradermal immunization, DCs are known to migrate to draining LNs nodes 

where they stimulate antigen-specific T cells (Condon, C et aL 1996, Nat. Med. 2:1 122-28; 
25 Porgador, A et aL, 1998, J. Exp. Med. 188:1075-82). The present inventors used GFP linked to 

E7 as a detectable label for DNA-transfected DCs in LNs draining the site of administration. 

Inguinal LNs were harvested from mice 1 and 5 days after gene gun vaccination. Because the 

CD1 lc+ cell population includes myeloid cells other than DCs (such as NK cells and B and T 

cell subsets), the gating was directed to a region more consistent with DC size and granular 
30 characteristics (Lappin et aL, supra) in order to maximize the percentage of GFP+ CD1 lc+ DC 

for comparison of groups. Staining for additional DC markers was performed and showed that 
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>90% of the GFP4- CD1 lc+ cells expressed DC surface markers such as B7.1 and B7.2 and 
CD40. As shown in Figure 4A and 4B, there were no significant differences in the numbers of 
CD1 lc+ and GFP+ cells in the inguinal LNs one day after vaccination (with E7 DNA mixed 
with BCL-xL DNA or control plasmid). By five days, however, a greater percentage of GFP+ 
CD1 lc+ cells were found in the LNs of mice vaccinated with the E7/GFP DNA mixed with 
BCL-xL DNA as compared to mice vaccinated with E7/GFP DNA mixed with DNA encoding 
pro-apoptotic caspase-3, mt BCL-xL, or no insert (P < 0.0005, one-way ANOVA) (Figure 4B). 

The number of apoptotic cells in the CD1 lc+ GFP+ populations were assessed by 
staining for annexin V followed by flow-cytometry. As shown in Figure 4C, mice vaccinated 
with DNA encoding E7/GFP mixed with DNA encoding BCL-xL demonstrated significantly 
lower percentages of apoptotic cells when compared to the other groups of vaccinated mice 
(PO.0005, one-way ANOVA). Thus, our results suggest that co-administration of E7/GFP 
DNA with DNA encoding an anti-apoptotic protein may prolong the survival of DNA- 
transfected DCs. 

Activity of CD 1 lc-enriched Cells from Mice Co-Administered E7/GFP DNA with DNA 
Encoding BCL-xL 

The ability of CD1 lc-enriched cells from the inguinal LNs of the various groups to 
stimulate IFNy secretion from an E7-specific CD8+ T cell line (Wang et aL, supra) was tested. 
The CD 1 lc-enriched cells, isolated 1 or 5 days after the last DNA vaccination, were incubated 
with an E7-specific T cell line. As shown in Figure 5, CD 1 lc-enriched cells from mice co- 
administered E7/GFP DNA mixed and BCL-xL DNA were more effective in activating cells of 
the T cell line to secrete IFNy compared with the other DNA constructs, particularly at day 5 
(PO.0005, one-way ANOVA). In comparison, GDI lc-enriched cells from mice that had 
received E7/GFP DNA mixed with DNA encoding caspase-3 (or no insert) obtained on day 5 did 
significantly activate the antigen- -specific CD8+ T cell line. These results indicate that the 
longer-surviving, transfected DCs, resulting from the co-administration of the DNA encoding 
BCL-xL, are also more active in antigen-specific T cell stimulation. 
C: Discussion and Conclusions 

The foregoing study demonstrated that co-administration of antigen-encoding DNA with 
DNA encoding an anti-apoptotic protein (1) enhances antigen-specific CD8+ T cell-mediated 
immune responses and (2) increases the survival of DCs in LNs draining the site of 
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administration. This contrasts with previous studies showing that DNA vaccines encoding an 
antigen, when coexpressed with a proapoptotic agents such as Fas (Chattergoon, MA et al, 
2000, Nat. Biotechnol 18:974-979), mutant caspase with an altered active site (Sasaki et al 9 
supra)), or suicide DNA encoding antigen (Leitner, WW et al, 2000, Cancer Res. 60:51-55) 
5 actually enhance antigen-specific T cell responses. This apparent inconsistency may be 

explained by any of a number of factors, including the expression vector used and the vaccine 
dose, regimen and route. Among these factors, the route of administration is believed to play a 
relatively more rimportant role in the effects described above. It is worth noting that the studies 
cited above that usedpro-apoptotic DNA to enhance vaccine potency employed intramuscular 

10 immunization. 

In contrast, the results presented here were based on intradermal administration DNA 
encoding anti-apoptotic proteins. Intramuscular immunization should target antigen to 
myocytes, which are not professional APCs, and lack costimulatory molecules that are important 
for efficient T cell activation. In this setting, transfection of cells with DNA encoding pro- 

1 5 apoptotic factors may lead to apoptosis or necrosis, and should result in uptake of antigen by 
APCs through an "exogenous" cross-priming pathway that involves presentation of exogenous 
antigens through the MHC class I pathway to CD8+ T cells (for review, see Srivastava, PK et 
a!., 1998, Immunity. 8:657-65; Heath, WR et al, 2001, Annu. Rev. Immunol 19:47-64). In 
contrast, intradermal immunization can directly target antigen to Langerhans cells and facilitate 

20 direct presentation T cells by DNA-transfected DCs. Direct presentation plays an key role with 
CD8+T cells after intradermal immunization with a gene gun. The present findings are 
consistent with this notion and indicate that inhibition of apoptosis prolongs survival of DNA- 
transfected DCs, resulting in a significant increase in the number of activated antigen-specific T 
cells. These notions suggest that the route of administration may have a profound impact on the 

25 effectiveness of DNA vaccines that employ or that are combined with pro- or anti-apoptotic 
polypeptides. 

The results provided here strongly suggest that an increase in the number and activity of 
DCs presenting a specific antigen in a draining LN is likely due to inhibition of DC apoptosis. 
An earlier study also demonstrated that the DCs derived from BCL-2 transgenic mice had 
30 increased longevity compared to DCs from normal mice (Nopora, A et al y 2002). There remains 
a possibility that administration of DNA encoding anti-apoptotic agents may affect DC migration 
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through chemokines or other factors that influence DC homing to the draining LN after 
encountering an antigen in the periphery. The present results support the idea that an increase in 
the number of antigen-expressing DCs in a LN contributes to enhancement of antigen-specific T 
cell activation 

5 The present observation was that co-administration of DNA encoding BCL-xL with 

DNA encoding antigen generated the most potent enhancement of antigen-specific CD8+ T cell 
responsiveness among the anti-apoptotic proteins tested. BCL-xL is considered one of the most 
potent anti-apoptotic proteins and, like BCL-2, localizes to outer mitochondrial membranes and 
prevents release of pro-apoptotic factors from the mitochonndria, including cytochrome c 

10 (Kharbanda, S et al, 1997, Proc. Natl Acad, Set USA. 94:6939-42) and Smac/DIABLO (Du, C 
et al 2000, Cell 102:33-42; Verhagen, AM et al, 2000, Cell 102:43-53; Sun, XM et al, 2002, J. 
Biol Chem. 277:1 1345-51) by a mechanism that is not yet well understood. In addition, BCL- 
xL may inhibit apoptosis downstream of caspase-8 (Medema, JP et al, 1998, J. Biol Chem. 
273:3388-93). Thus, BCL-xL may inhibit apoptosis at multiple points along the programmed 

15 cell death pathways, which explains why it is one of the most potent anti-apoptotic factors. In 
summary, the present discovery demonstrates the usefulness of combining DNA encoding anti- 
apoptotic protein with DNA encoding an antigen as an approach to enhance antigen-specific 
CD8+ T cell immune responses including those expressed as antitumor effects. This approach 
can encompass not only antigen-encoding vectors but also chimeric vaccines that comprise DNA 

20 encoding antigen and targeting polypeptides. This approach is equally applicable to any antigen, 
so that it is readily applied with an expectation of success to other types of tumors, infectious 
agents or any other disease in which heightened antigen-specific immunity is desired. 

EXAMPLE II 

25 Enhancing DNA Vaccine Potency by Prolong Dendritic Cell Life and Employing 

Intracellular Targeting 

(This example incorporates by reference TWKim et al, J. Immunol 171:2970-2976, 2003 Sept 

15) 

A. Materials and Methods 

30 Plasmid DNA constructs and DNA preparation. The generation of pcDNA3, pcDNA3-E7 3 
pcDNA3-Sig/E7/LAMP-l, pcDNA3-CRT/E7, and pcDNA3-HSP70/E7 has been described 
previously (See Example I and Ji et al, supra', Cheng et al, supra', and Chen et al, 2000, 
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supra). pSG5 plasmids encoding Bcl-xL or mt 7 (our mtBcl-xL) were generated as described 
previously (Cheng, EH, 1996, supra) Cheng, E. H., B. The DNA was amplified and purified 
according to Chen et al 9 supra). 

Mice: See Example L 

5 DNA vaccination. See Example I. C57BL/6 mice were immunized with 2 jig of pcDNAS 

encoding E7, CRT/E7, E7/HSP70, or Sig/E7/LAMP-1 mixed with 2 jag of pSG5 or pSG5-Bcl- 
xL. The mice received a booster with the same dose 1 wk later. 

Intracellular cytokine staining and flow cytometry analysis. See Example I for most details. 

Splenocytes were harvested (5 mice/group) 1 or 7 wks (for memory T cells) after the last 

10 vaccination. Before intracellular cytokine staining, 4 x 10 6 pooled splenocytes from each 

vaccination group were incubated overnight with 1 |ng/ml E7 (RAHYNIVTF) peptide containing 
an MHC class I epitope (aa 49-57) for detecting E7-specific CD8+ T cell precursors or 1 |Lig/ml 
E7 peptide containing an MHC class II epitope (aa 30-67) for detecting E7-specific CD4+ T cell 
precursors. For the determination of the avidity of E7-specific CD84- T cells, mice were 

15 vaccinated with pcDNA3-Sig/E7/LAMP-l co-adminstered with pSG5-no insert, with pSG5-Bcl- 
xL, or with pSG5-mtBcl-xL. Mice were boosted with the same vaccine 1 wk later Splenocytes 
were collected and pooled 1 wk after the booster and incubated with the followin concentrations 
of E7 peptide (aa 49-57: 1, 10" 1 , 10" 2 , 10" 3 , 10" 4 , 10" 5 , 10" 6 , 10" 7 , or 10" s ^ig/ml) overnight. The 
number of E7- specific IFNy-secreting CD8+ T cells was determined as above. 

20 In vivo tumor treatment and long-term tumor protection. See Example L To study the subsets 
of lymphocytes that are important for the antitumor effects, a tumor protection experiment was 
performed, coupled with in vivo Ab depletion as above. For the long-term tumor protection 
experiments, 5 mice/group) were challenged i.v. with 10* TC-1 tumor cells 7 wks after the last 
vaccination. Mice were monitored twice per week and sacrificed on day 42 after tumor 

25 challenge. 

Statistical analysis. See Example I. In the tumor protection experiment, the principal outcome 
of interest was time to development of tumor. The event time distributions for different mice 
were compared by Kaplan and Meier and by log-rank analyses. 

B. Results 
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Combined Anti-apoptotic and Intracellular Targeting Strategies further Enhance Antigen- 
specific CD8+ T cell Responses 

To explore whether DNA encoding Bcl-xL is capable of enhancing responses to DNA 
vaccines using various intracellular targeting strategies, the present inventors co-administered 
Bcl-xL with E7 linked to HSP70, CRT, or LAMP-1. As shown in Figs. 6 A and 6B, co- 
administration of Bcl-xL with any of the three intracellular targeting strategies increased the 
number of IFNy-secreting E7-specific CD8+ T cell precursors compared with co-administration 
with pSG5 empty vector. Although the CRT/E7 vector mixed with Bcl-xL produced the 
strongest response, Sig/E7/LAMP-1 mixed with Bcl-xL displayed the greatest fold increase (at 
least 10-fold). The results demonstrate that (1) co-administration of the anti-apoptotic vector 
Bcl-xL in combination with any of three intracellular targeting strategies further enhances DNA 
vaccine potency, and (2) the most striking effect of the anti-apoptotic construct occurs when it is 
combined with Sig/E7/ LAMP-1 DNA as the antigen/targeting polypeptide chimeric 
compositioni. 

Co-administration of pcDNA3-Sig/E7 /LAMP-1 with pSG5-Bcl-xL Increases the Average Avidity 
of the E7 -specific CD8+ T lymphocyte Response 

Prior studies have shown that high-avidity CTL provide better protection against viral 

infection (Derby, M et al., 2001, J. Immunol 166:1690) and tumor challenge (Cheng, WF et al, 

2002, J. Biomed. Sci. 9:615) than do low-avidity CTL. In addition, duration of DC-T cell 

interaction has been implicated as important in the generation of high avidity T cells 

(Langenkamp, A. et al, 2002, Eur. J. Immunol 32:2046). Therefore, a functional avidity assay 

was performed to determine the avidity of E7-specific CD 8+ T cells generated by vaccination of 

the combination of Sig/E7/LAMP-1 and one of Bcl-xL, mtBcl-xL, or empty vector. The number 

of IFNy-secreting CD8+ T cells stimulated by 1 jug/ml E7 peptide (aa 49-57) was defined as the 

"maximum response" so that the functional avidity of T cells was based on comparisons to mice 

vaccinated with Bcl-xL or empty vector at 50% of the maximum. The concentration of E7 

peptide required to attain 50% of the maximum IFNy+CD8+ T cell response was ~4 x 10 5 p,g/ml 

for mice vaccinated with Sig/E7/LAMP-1 combined with Bcl-xL, and -3 x 10 3 |ng/ml for mice 

vaccinated with Sig/E7/LAMP-1 mixed with empty vector or mutant mtBcl-xL (Fig. 7B). It was 

concluded that co-administration of Sig/E7/LAMP-1 with Bcl-xL generated higher avidity E7- 

specific CD8+ T cells than did co-administration of Sig/E7/ LAMP-1 with empty vector or 



104 



WO 2005/047501 



PCT/US2004/005292 



mutant mtBcl-xL. Furthermore, because the functional avidity of E7-specific CD8+ T cells 
elicited by co-co-administration with the apoptotically inactive mutant mtBcl-xL was nearly 
identical to that observed with control with empty vector, it was concluded that the anti- 
apoptotic function of Bcl-xL encoded by the administered vector was responsible for the 
observed effect (increased functional avidity). 

Co Aministration of pSG5-Bcl-xL with pcDNA3-Sig/E7/LAMP-l Induced an Enhanced Thl and 
a Diminished Th2 CD4+ Response 

It is known that the LAMP-1 targeting strategy enhances antigen presentation to CD4+ T 

cells via targeting of expressed antigen to endosomal/lysosomal compartments, important loci 

for the MHC class H Ag presentation pathway (Wu, TC et ah, 1995, Proc. Natl Acad. Sci. USA 

92:11671 and U.S. Pat. No. 5,633,234). To determine the nature of the E7-specific CD4+ T cell 

response to vaccination with Sig/E7/LAMP-1 combined with Bcl-xL DNA or empty vector, 

intracellular cytokine staining for IFNy(secreted by Thl cells) or IL-4 (secreted by Th2 cells) was 

performed using mouse splenocytes taken 1 wk after the last vaccination. As shown in Figs. 8A 

and 8B, vaccination with Sig/E7/ LAMP-1 mixed with Bcl-xL generated significantly more 

(expressed per 3xl0 5 splenocytes) E7-specific Thl CD4+ T cells lymphocytes: 86.3+14.3 vs 

13.5+2.5, and fewer E7-specific Th2 CD4+ lymphocytes (43.4±3.8 vs 65.2+6.4) than 

vaccination with Sig/E7/LAMP-1 mixed with empty vector. Thus, co-administration with DNA 

encoding Bcl-xL potentiates an antigen-specific CD4+ Thl cell response and and dimishes an 

antigen-specific CD4+ Th2 cell response. 

Co-Administration of pSG5 -Bcl-xL with pcDNA3-Sig/E7/LAMP-l Vaccine Induces a Stronger 
E7 -specific CD8+ T cell response in CD4 Knockout Mice 

To examine whether CD4+ T cells were essential for the enhancee CD8+ T cell response, 

studies enumerated E7-specific CD8+ T cells generated in normal vs CD4KO C57BL/6 mice. 

As shown in Figs. 9A and 9B, wild-type mice co-aministered Bcl-xL with Sig/E7/LAMP-1 

vaccine showed a greater E7-specific CD8+ T cell response as compared to wild-type mice 

vaccinated with Sig/E7/LAMP-1 mixed with empty vector. The same trend was observed when 

CD4KO mice received the combination of Sig/ E7/LAMP-1 and Bcl-xL. When comparing 

CD4KO mice with wild type mice, vaccination with Sig/E7/LAMP-1 + Bcl-xL resulted in an 

~1 0-fold greater E7-specific CD8+ T cell response in the wild-type mice. It was concluded that 

CD4+ T cells make an important contribution to the E7-specific CTL response. 
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Although the number of E7-specific CD 8+ T cells generated in CD4KO mice was 
significantly lower than in wild types, the results demonstrated that the co-administration of Bcl- 
xL DNA with Sig/E7/LAMP-1 DNA in CD4KO mice was still able to generate ~2-fold more 
specific CD8+ T cells vs. co-administration of Sig/E7/ LAMP-1 DNA with empty pSG5 vectors 
in wild-type mice. According to these results, a DNA vaccine approach that includes an anti- 
apoptotic strategy and an intracellular targeting strategy should be more potent in generating 
CD 8+ T cell-mediated immune responses in a CD4-depleted host when cmpared to the response 
stimulated by by DNA vaccine using only an intracellular targeting strategy in an 
immunocompetent host. 

Anti-Tumor Immunty is Enhanced by Co-administration of pcDN A3 -Sig/E7 /LAMP-1 withpSGS- 
Bcl-xL 

A factor vital to the success of any therapeutic vaccine, as exemplified here as an HPV 
therapeutic vaccine, is the ability to treat infected and/or tumor-bearing patients. To determine 
the therapeutic effectiveness of the present strategy, a study was conducted that tested the ability 
of Sig/E7/LAMP-1 mixed with Bcl-xL vs empty vector to treat established TC-1 tumor in a 
hematogenous spread model. As shown in Fig. 10A, mice treated with Sig/E7/LAMP-1 mixed 
with Bcl-xL developed significantly fewer tumor nodules than did control mice treated with 
Sig/E7/LAMP-1 mixed with empty vector, or naive mice. Thus co-administration of Bcl-xL 
DNA improves the antitumor therapeutic capacity of a DNA vaccine comprising the tumor 
antigen and a targeting moiety. 

hi a tumor protection study, antibody depletion was used to determine which subset of T 
cells was needed for the antitumor response. Mice were vaccinated with Sig/E7/ LAMP-1 
mixed with Bcl-xL and subsequently challenged with TC-1 . Antibody depletion was initiated 
concurrently with tumor challenge. Results are in Fig. 10B. Mice depleted of CD8+ T cells 
displayed nearly the same degree of tumor growth as naive mice, and mice depleted of CD4+ T 
cells displayed slightly greater tumor growth vs. nondepleted mice. There was no effect of NK 
cell depletion. It was concluded that CD8+ T cells are essential for the antitumor effect, with 
CD4+ T cells also contributing. 

Prolonged Immunity and Tumor Protection after Co-administration of pcDNA3-Sig/E7 /LAMP-1 
and with pSG5-Bcl-xL 
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A successful protective vaccine must be able to induce a protective immune response that 
persists for a significant interval. To assess the ability of the present vaccination strategy to 
generate long-term specific CD8+ T cell immune responses and tumor protection, studies 
compared vaccination with Sig/E7/LAMP-1 + Bcl-xL to vaccination with Sig/E7/LAMP-1 4- 
5 empty vectors. Intracellular cytokine staining and flow cytometry to enumerate E7-specific 
CD8+ T cells was performed 1 and 7 wk after immunization. As shown in Fig. 11 A, 
Sig/E7/LAMP-1 mixed with Bcl-xL generated an -7-fold higher E7-specific IFNy CD 8+ T 
lymphocyte response at 7 wks than Sig/E7/LAMP-1 mixed with empty vector. Thus, co- 
administration of the anti-apoptotic construct with the Sig/E7/LAMP-1 vaccine generated a more 

10 powerful immune response. Vaccinated mice were challenged with 10 4 TC-1 tumor cells 7 wk 
after the final immunization. As shown in Fig. 1 IB, no tumor nodules were detectable in mice 
vaccinated with Sig/E7/LAMP-1 mixed with Bcl-xL, whereas mice vaccinated with 
Sig/E7/LAMP-1 + empty vector exhibited 1.6+2.3 tumor nodules 42 days after TC-1 challenge. 
Therefore, co-administration of Sig/E7/LAMP-1 with Bcl-xL completely prevented tumor 

1 5 nodule formation 7 wk after vaccination. 

Taken together, the present results indicate that a DNA vaccine that combines an 
intracellular targeting strategy with a strategy to prolongs DC life results in a more durable, 
potent and longer lasting state of antigen-specific CD8+ T cell mediated immunity that can be 
manifest as antitumor protection. 

20 C. Discussion 

Ther results disclsoed above support the conception that a DNA vaccination strategy that 
combines (a) DNA encoding an antigen and (b) DNA encoding an intracellular targeting 
polypeptide in one vector and (c) another DNA -vector that encodes a polypeptide that prolongs 
the life of DCs will enhancing the antigen-specific immune response thatn (a) + (b) alone 

25 This combination strategy was shown to be effective with three (a)+(b) combinations: (i) 

HSP70/E7 (5), (ii) CRT/E7 (6), and (iii) Sig/E7/LAMP-1, resulting in strong and durable E7- 
specific CD8+ T cell responses manifest, inter alia as long-term tumor protection in vaccinated 
hosts. These results are attributed to prolongation of the life of DCs in the draining LN that are 
centrally involved in generating the immune response which is achieved by inhibition of 

30 apoptosis using the anti-apoptotic protein Bcl-xL. As a result of the combination treatment, 
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there are more, and longer lived DCs in the LNs draining the site of immunization (8), as well as 
to enhanced processing of antigen due to expression of targeting polypeptide, whether it be CRT, 
LAMP-1, or HSP70 linked to the antigen. Thus, as discovered here, it is possible to modify DCs 
simultaneously in two different ways, using different means, to further enhance DNA vaccine 
potency. 

Of the targeting strategies tested herein, Sig/E7/ LAMP-1 could evoke the greatest 
differential in the antigen-specific CD8+ T cell response when it was co-administered with Bcl- 
xL DNA (Fig. 6B). This maybe due to an increase in the CD4 Th cells, as Sig/E7/LAMP-1 is 
the only one of the constructs compared here that targets antigen the MHC class H processing 
pathway, activating specific CD4+ T cells more effectively than do the other constructs. An 
experiment usin CD4KO mice demonstrated a significantly lower number of E7-specific CD8+ 
T cells in the absence of CD4+ cells. Thus, CD4+ T cells appear to be important in the process 
leading to the enhanced immunity resulting from the present strategy. 

Co-administration of Bcl-xL DNA with Sig/E7/LAMP-1 DNA in CD4KO mice 
generated more E7-specific CD8+ T cells than did co-administration of Sig/E7/LAMP-1 DNA 
with pSG5 in wild-type mice, suggesting that a DNA vaccination strategy combining 
intracellular targeting with anti-apoptotic proteins may be useful for specific CD8+ T cell 
responses in individuals with a compromised immune system in which CD4+ cells are reduced 
significantly. This has obvious relevance to the treatment, and/or vaccination of peoople with 
HTV disease/AfDS. This CD4-depletion in this population is a likely cause of the increased 
severity of HPV infection and associated lesions in HIV-positive subjects (reviewed in Kuhn, L. 
et al, 1999, Ciirr. Opin. Obstet. Gynecol. 11:35; Del Mistro, A et al, 2001, Eur. J. Cancer 
37.T227). Thus, this combination strategy is predicted to be useful in controlling of HPV 
infection and HPV-associated lesions in CD4-depleted humans. 

Co-administration of DNA encoding Bcl-xL also resulted in a response characterized by 
higher-avidity antigen-specific CD8+ T cells. The anti-apoptotic function of Bcl-xL was 
deemed essential for this effect. The ability of Bcl-xL to extend DC life span would lead to 
prolonged DC- T cell interaction in responding LNs; the duration of DC -T cell interactions has 
been implicated in the generation of high-avidity specific T cells (Langenkamp et al, supra). 
Thus, prolonged DC life resulting from the present invention contributes directly to increased 
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E7-specific CD8+ T cell avidity. A response characterized by high avidity CD8+ T cells is 
known to result in better qualitative protective (includin antitumor) effects than responses 
mediated by low-avidity CD8+ T cells (Alexander-Miller, MA et al, 1996, Proc. Natl. Acad. 
Sci. USA 93:4102). High-avidity CD8+ T cells enhance protection by recognizing structures with 
low antigen density, for example, killing infected cells sooner than do low-avidity CD8+ T cells 
(Derby et al., supra). Earlie studies disclosed that higher-avidity CTLs may produce a stronger 
antitumor effects in vaccinated mice (Cheng et al, 2002, supra; Yang, S et al, 2002, J. 
Immunol 169:531). 

As HPV vaccine research has moved into the clinical arena, it ie increasingly imporant to 
discuss the clinical implications of newly developed HPV vaccines and strategies in anticipation 
of potential future clinical application. Safety is a major consideration for the clinical 
application of any new vaccination strategy and is especially important in this case, because 
increased Bcl-xL expression could be viewed as potentially hazardous to humans. This is due to 
the concern that the anti-apoptotic effects of Bcl-xL could interfere with the normal regulation of 
DC function, which could tend toward autoimmunity. However, no histological or clinical 
evidence of autoimmunity was observed in any of the animals used in the present studies. 
Another concern with new molecular vaccine is oncogenesis because Bcl-xL has been implicated 
in oncogenic transformation of healthy cells (Lebedeva, I et al, 2000, Cancer Res. 60:6052). 
One strategy to improve safety is to transfect DCs with DNA encoding factors that may 
indirectly enhance DC survival with a reduced concern for oncogenicity, such as TNF-related 
activation-induced cytokine, CD40 ligand, IL-12, and IL-15, and serine protease inhibitor 6 
(Medema, JP et al, 2001, J. Exp. Med. 194:65725). Among these molecules, CD40 ligand 
(Mendoza, RB et al, 1997, J. Immunol. 159:5111), IL-12 (Kim, J et al, 1997, J. Immunol. 
158:816), and IL-15 (Xin, KQ et al, 1999, Vaccine 17:858) have been tested a enhancers of 
DNA vaccine potency. 

The present results encourage the application of anti-apoptotic proteins in combination 
with other vaccine enhancement strategies for future development of therapeutic DNA vaccines 
to combat HPV infection and cervical cancer. 

EXAMPLE III 
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PNA Encoding Serine Protease Inhibitor-6 (Serpinb9)Enhances Potency of DNA Vaccine 

(This example incorporates by reference TWKim et al, Cancer Res. 64: 400-405, 2004 January 1) 
A. Materials and Methods 

Plasmid DNA Constructs and DNA Preparation. The generation of pcDNA3-E7 5 pcDNA3- 
5 CRT/E7, pcDNA3-E7/HSP70 and pcDNA3-Sig/E7/LAMP-l are described above or in 

references cited above. Generation of pcDNA3-ETA(dII)/E7 was described in CF Hung et aL, 
2001, Cancer Res (57:3698-3703; Wu et al, WO 03/085085). For generation of pcDNA3-SPI- 
6, SPI-6 was first amplified with PGR using mouse cDNA as the template and a set of primers, 
5'-cccgaattcatgaatactctgtctgaagga-3' [SEQ IDNO:87]and 5'-tttggatcctggagatgagaacctgccaca-3' 
10 [SEQ ID NO: 88]. The amplified product was then cloned into the EcoR I/BatnH I sites of the 
pcDNA3 vector. 

To generate the inactive mtSPI-6 containing the P14 mutation (T327R), most of the SPI- 
6 ORF was amplified from pSVTf/SPI-6 (Sun, J et al., 1997, J Biol Chem 272/15434-41) using 
the primers 5 ' -ggctgctgcagcctcccggccttcctcattgat-3 ' (antisense) [SEQ ID NO: 89] and 

15 5'-gcatcatgaatactctgtc-3' (sense) [SEQ ID NO:90], and cloned into pZeroblunt (Invitrogen). The 
product included a naturally-occurring PstI site downstream of the primer-introduced T327R 
substitution. This partial ORF was cloned into the EcoRI site of pSVTf, and the full length ORF 
was then reconstituted by inserting a 200 bp PstI fragment containing the last part of the ORF 
and 3'UTR, and verified by DNA sequencing. For generation of pcDNA3-mtSPI-6, mutant SPI- 

20 6 was cut at the EcoR I/BamH I sites from pSVTf-mtSPI-6 and cloned into the EcoR I/BamH I 
sites of the pcDNA3 vector. The accuracy of these constructs was confirmed by DNA 
sequencing. The DNA was amplified ini?. coli DH5oc and purified as described previously. The 
expression of SPI-6 and mtSPI-6 in COS -7 cells transfected with DNA encoding anti-apoptotic 
protein was characterized by RT-PCR. 

25 Mice. See Example! 

DNA Vaccination. See Example I. C57BL/6 mice were immunized with 2 jug of pcDNA3 
encoding E7, CRT/E7, E7/HSP70, ETA(dIT)/E7, or Sig/E7/LAMP-1, mixed with 2 jag of 
pcDNA3, pcDNA3-SPI-6 9 or pcDNA3-mt SPI-6. The mice received a booster with the same 
dose one week later. 
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Intracellular Cytokine Staining and Flow Cytometry Analysis. See Example I for details. 
Splenocytes from each vaccination group were incubated for 16 hours with either lug/ml of E7 
peptide containing an MHC class I epitope for detecting E7-specific CD8 + T cell precursors or 
10 ug/ml of E7 peptide (aa 30-67) containing an MHC class E epitope for detecting E7-specific 
CD4 + T cell precursors. 

In Vivo Tumor Protection and Tumor Treatment Experiments. See Example I. 
Survival of Dendritic Cell Line (DC-1). An immortalized DC line (Shen, Z et al, 1997, J Immunol, 
158:2123-30) was provided by Kenneth Rock (University of Massachusetts, Worcester, MA). 
Subclones were generated by the present inventors with continued passage (DC-1) that were easily 
transfected using Lipofectamine® 2000(Life Technologies, Rockville, MD). DC-1 cells (5xl0 5 ) were 
co-transfected with 1 ug of pcDNA3-E7/GFP mixed with 4 ug of pcDNA3-SPI-6, pcDNA3-mt SPI-6, 
pcDNA3 (no insert) after the formation of Lipofectamine®/DNA complexes. GFP+ cells were collected 
16 hours later by cell sorting in a flow cytometer. GFP+ DC-1 cells (2xl0 4 ) were incubated with 2xl0 6 
cells of an E7-specific CD8+ T cell line for 6 hours. Apoptotic dendritic cells were enumerated by 
Annexin V staining after gating around a population of GFP+ cells and were analyzed via flow 
cytometry as described above. 

B. RESULTS 

Co-administeration ofDNA encoding SPI-6 increases CD8 + T cell Responses and Anti-tumor 
Effects 

To further verify the present inventors' conception that SPI-6 will prolong DC life and 
enhance an immune response elicited by DNA vaccination, the an antigen-encodin pcDNA3-E7 
was co-administered with control pcDNA3 or pcDNA3-SPI-6. Figure 12A shows that inclusion 
of pcDNA3-SPI-6 resulted in a greater number of E7-specific IFN-y-secreting CD8 + T cells 
(expressed per 3xl0 5 splenocyte), 32.3±5.1) compared to the control pcDNA3 (7.0±1.0) or to 
vaccination with the antigen vector, pcDNA3-E7, alone (10.7±1.5). Thus, SPI-6 DNA can 
enhane antiogen -specific CD8 + T cell responses when co-administered with antigen-encoding 
DNA. 

To determine if the enhanced response observed above has "clinical" effects against a 
tumor, an in vivo tumor protection study was performed using the E7-expressing tumor TC-1. 
As shown in Figure 12B, 60% of mice vaccinated with pcDNA3-E7 co-administered with 
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pcDNA3-SPI-6 remained tumor-free 42 days after tumor challenge. If the co-administered 
vector was the control pcDNA3, all mice developed tumors after only 14 days. Thus, co- 
administration of antigen-encodin DNA with SPI-6 DNA potentiates an anti-tumor effect 
against a tumor expressin the appropriate antigen. 

5 To determine which subsets of lymphocytes are important for the potentiated anti-tumor 

effects, an in vivo antibody depletion study was performed. Results shown in Figure 12C) 
indicate depletion of CD8 4 " T cells resulted in tumor growth in all mce within two weeks. In 
contrast, 40% of the mice from which CD4 + cells or NK cells had been depleted (and 60% of 
control mice with sham depletion) remained tumor-free 42 days. Thus, CD8 + T cells play a vital 
10 effector role in this form of anti-tumor defense, whereas CD4 + cells and NK cells may also 

contribute (though the effects of depleting these two cell populations did not differ significantly 
different from non-depleted mice). 

CD8 + Tcell responses are markedly enhanced by combining intracellular antigen-targeting 
strategies with anti-apoptotic effects of SPI-6 

15 In view of the impact of apoptosis inhibition by SPI-6 DNA shown above, it was 

conceived that such SPI-6 DNA co-administration would enhance responses to other improved 
DNA vaccination strategies, particularly those induced by chimeric vaccines comprising DNA 
encoding an antigen linked to DNA encoding a targeting polypeptide. 

SPI-6 was co-administered with E7 linked to either ETA(dll), HSP70, CRT, or the 
20 sorting signal of LAMP-1. As depicted in Figures 13A and 13B, responses to the latter 

vaccines were further potentiated by co-administration of with DNA encoding SPI-6. Each of 
the constructs generated a greater number of antigen-specific CD8 + T cells when SPI-6 DNA 
was co-administered (compared to co-administeration of the control empty vector). SPI-6 DNA 
provoked the greatest enhancement with the Sig/E7/LAMP-1 vaccine (-5 fold). Thus the 
25 potency of an antigen-encoding DNA vaccine that included a linked intracellular targeting 
polypeptide were further increasd by the apoptosis-inhibiting effect produced by co- 
administering DNA encoding SPI-6. 

Co-administering SPI-6 with DNA encoding various intracellular targeting polypeptides 
significantly enhances CD4 + Th 1 but not CD4 + Th2 responses 

30 Studies of intracellular cytokine staining for EFN-y and IL-4 were performed.. As 

depicted in Figure 14A co-administering DNA encoding SPI-6 with DNA encoding E7 linked to 
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intracellular targeting polypeptides increased the E7-specific CD4+ Thl cell response. The 
combination had the greates effect when the Sig/E7/LAMP-1 vaccine was used in terms of 
generating E7-specific IFN-y-secreting CD4 + Thl cell precursors (per 3xl0 5 splenocytes), 
77.0±3.6 which was an ~5 fold increase over the response elicited by Sig/E7/LAMP-1 co- 
administered with control empty vector (14.1+1.0). 

As shown in Figure 14B, co-administering the various antigen-encoding constructs with 
SPI-6 DNA did not increase the antigen-specific CD4 + Tli2 immune response, measured as the 
frequency of E7-specific IL-4-secreting CD4 + T cell precursors, In fact, slight decreases in this 
response followed co-administraton of SPI-6 DNA. It appears then that SPI-6 does not enhance 
Th2 CD4 + T cell responses. Taken together, the results indicate that vaccination with an antigen- 
encoding DNA co-administered with SPI-6 DNA facilitates the activation of E7-specific IFN-y + 
CD4 + Thl cells, but does not of E7-specific IL-4 + CD4 + Th2 cells. 

Co-administering pcDNA3-Sig/E7/LAMP-l with pcDNA3-SPI-6 to treat tumors 

A study was done that combined the intracellular targeting benefits of the Sig/E7/LAMP- 
1 construct with the anti-apoptotic effect of SPI-6 DNA in generating a treatment response 
against an existing tumor. In view of the results presented above, Sig/E7/LAMP-1 was selected 
over the other chimeric constructs for this analysis. The study utilized the hematogenous spread 
pulmonary tumor model with TC-1 as described in the Examples above, s shown in Figure 15, 
mice immunized with Sig/E7/LAMP-1 DNA co-administered with SPI-6 DNA exhibited 
significantly fewer pulmonary tumor nodules (3.6±5.3, P f£.001, one-way ANOVA) compared to 
naive mice (1 18.6±15.0) or mice given Sig/E7/LAMP-1 DNA in combination with a control 
with empty vector (85.8±14.4). Thus, co-administeration of with SPI-6 DNA with a targeted 
vaccine vector, Sig/E7/LAMP-1 DNA, evoked a stronger therapeutic immune response against a 
tumor expressin the immunizig antigen and that this anti-tumor response was more effective 
than the already improved treatment response induced by vaccination with Sig/E7/LAMP-1 
DNA (vs.E7 alone). 

Expression of the anti-apoptotic function of SPI-6 is required for prolonging the life of DCs and 
enhanced immune responses 

The anti-apoptotic function of a serpin can be destroyed by substituting the conserved 

P14 Thr with Arg (Bird, CH et al, 1998, Mol Cell Biol 75:6387-98). To confirm that the anti- 
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apoptotic function of SPI-6 is required to prolong DC survival, an inactive P14 mutant of SPI-6 
(mtSPI-6), was generated and analyzed in the above experimental system. As shown in Figure 
16A, vaccination with pcDNA3-Sig/E7/LAMP-l co-administered with mutant SPI-6 (mtSPI-6) 
DNA yielded fewer E7-specific CD8 + T cell precursors (132.0±2.6) than did vaccination with 
pcDNA3-Sig/E7/LAMP-l co-administered with pcDNA3-SPI-6 encoding wild-type active SPI- 
6 (620.7±22.9). Therefore, the anti-apoptotic function absent in the mutant SPI-6 is critical for 
the observed immune potentiating effect on the response induced by an antigen-encoding DNA 
vaccine composition. 

To confirm that SPI-6 had the expected anti-apoptotic effects, cells of a DC line, DC-1, 
were transfected with E7/GFP DNA together with (i) SPI-6 DNA or (ii) empty vector, or (iii) 
mtSPI-6 DNA. These transfected DC-1 cells were incubated with an E7-specific CD8+ T cell 
line in vitro. The GFP+ DC-1 cells were subsequently stained with Annexin V to enumerate 
apoptotic cells. DC-1 cells that stained positively for Annexin V {i.e., apoptotic cells). As 
shown in Figure 16B, the percentage of GFP+, Annexin V-negative DC-1 target cells was 
greater in DC-1 cells transfected with E7/GFP DNA mixed with SPI-6 DNA (13.63±0.97) than 
in DC-1 cells transfected with E7/GFP DNA mixed with empty vector or mtSPI-6 DNA. Thus, 
there were fewer apoptotic cells when SPI-6 DNA was concomitantly transfected into the cells 
as compared with functionally inactiv mutant mtSPI-6 DNA. In fact, co-transfection with 
mtSPI-6 resulted in virtually the same percentage of Annexin V negative DC-1 cells as did the 
empty vector (6.10+0.30 vs. 6.67±1.29, suggesting that mutant SPI-6 could not prolonging DC 
survival. 

The foregoing results prove that SPI-6 does possess anti-apoptotic function that prolongs 
the life of antigen-transfected DCs in vitro, and that its ability to delay apoptosis is important in 
enhance the immune response that is dependent upon DCs in vivo. 
C. Discussion 

The foreoing studies demonstrated that co-administering DNA encoding SPI-6 with 
antigen-encoding DNA (alone or linked to DNA encodin an additional intracellular targeting 
polypeptide) significantly enhances the potency of HPV-16 E7 DNA vaccines. The anti- 
apoptotic function of the SPI-6 is vital to this enhancement. This co-adminsitration strategy 
proved effective in potentiating E7-specific CD8 + T cells and rFNy-secreting CD4 + T cells as 
well as evoking markedly enhanced anti-tumor effects. Thus, it is expected that co- 
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administering E7 DNA (or E6-DNA) with SPI-6 DNA may help to control E7- (or Ed- 
expressing) tumors and HPV infection. It is further expected that these effects will be manifest 
and useful with any DNA vaccine encoding any antigen or antigenic epitope that engenders 
CD8+ or CD4+ T cell mediated immunity. 
5 It is believed that the immunopotentiating effects of SPI-6 DNA occur because the anti- 

apoptotic protein prevents CTL-induced apoptosis of DCs. The inactive SPI-6 mutant studied 
above has a substitution in its proximal hinge that destroys its ability to inhibit granzyme B and 
prevent granzyme B-mediated apoptosis. Thus, the prolonged life of DCs brought about by SPI- 
6 is responsible for the effects observed. 

10 The increased numbers of active E7-specific CD4 + Thl cells described above are 

believed to contribute to the observed anti-tumor effect. Thl cells stimulate the maturation of 
DCs via IFNy secretion and CD40/CD40L interactions (Ridge, JP et al., 1998, Nature 393:414- 
78) wich induces DCs to express IL-12 and to prime antigen-specific CD8+ T cells more 
effectively. IL-12 secretion is known to contribute to anti-tumor effects in vivo (Brunda, MJ et 

15 al., 1993, J Exp Med 1 75:1223-30). Thus, Thl CD4+ T cells may augment the anti-tumor 
effects observed above by stimulating DCs to produce IL-12, by secretion of IFNy and by 
enhancing CTL activation by DCs. 

As described in the earlier examples, the present inventors have transfected DCs with 
DNA encoding other anti-apoptotic proteins such as Bcl-xL and Bcl-2. Co-adminisration of 

20 DNA encoding these anti-apoptotic proteins with antigen-encoding DNA proved to be a powerful 
stimulus to antigen-specific CD8+ T cell responses and immunological memory. This response 
was also shown to be due to prolonged DC survival, resulting in enhanced antigen presentation to 
T cells by DCs in the LNs draining the site of antigen entry. Anti-apoptotic proteins of the Bcl-2 
family (Bcl-2, Bcl-xL) were found to be the greatest enhancers of the antigen-specific cell- 

25 mediated immune response studied. The use of these anti-apoptotic proteins is associated with 
safety concerns because, as discussed in Example n, proteins of the Bcl-2 family are 
overexpressed in some cancers, and have been implicated as contributors to cellular 
immortalization. 

In an effort to resolve such safety issues, the present inventors conceived and proved that 
30 SPI-6 would prevent CTL-induced DC death by inhibiting the perforin/granzynie B mechanism 
of CTL-induced apoptosis. Because it is naturally expressed in mature DCs, SPI-6 may 
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represent a safer and effective method for enhancing DNA vaccine potency by offering a means 
of prolonging DC life with a lessened risk of DC immortalization ( Medema et ah, supra) . 
While the Bcl-2 anti-apoptotic proteins inhibit CTL-induced apoptosis via multiple pathways 
(Hockenbery, DM et al, 1993, Cell 75:241-251; Cheng, EH et al, 1996, supra) SPI-6 and its 
human counterpart, PI-9, inhibit only the perforin/granzyme B pathway. The other major 
pathway, Fas-mediated apoptosis, is not affected by SPI-6 (Medema, JP et aL, 2001, Proc Natl 
Acad Sci USA, 98:1 1515-20). In this way, SPI-6 represents a means for inhibiting CTL-induced 
apoptosis without completely depriving CTLs of their capacity to trigger death in dendritic cells. 

Although use of SPI-6 alleviates certain safety concerns associated with Bcl-2 family 
proteins, but Bcl-2 family proteins such as Bcl-xL provide a greater enhancement of DNA 
vaccine potency (Example IT), probably because Bcl-2 and Bcl-xL inhibit apoptosis at multiple 
points, whereas SPI-6 interferes solely with granzyme B activity. It is now clear that the 
granzyme family is composed of members other than granzyme B, raising the possibility of 
enhancing DNA vaccine potency by co-administration of DNAs encoding multiple granzyme 
inhibitor molecules with DNA encoding the antigen. Use of such a genus of inhibitors is within 
the scope of this invention. Since perforin is important for the apoptotic function of the 
granzyme family, it should be possible to further inhibit apoptosis by disrupting perforin 
function. Therefore, focusing on the perforin/granzyme pathway will lead the way to DNA 
vaccine components that can more inhibit apoptosis and be as or more stimulatory to the immue 
response as the Bcl-2 or Bcl-xL polypeptides. 

Because a majority of cervical cancers express HPV-16 E6 and/or E7, co-administration 
of E6 and/or E7 DNA vaccines with SPI-6 DNA is a useful approach for the treatment of such 
cancers and HPV-associated cervical lesions in humans. 

EXAMPLE IV 

(This example incorporates by reference TW Kim et aL, Gene Ther 11: 336-342, 2004 Feb) 

Suicidal DNA Vaccine Potency is Enhanced by Delaying Suicidal DNA-Induced 

Apoptotic Cell Death 

A. Materials and Methods 
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Plasmid DNA constructs. The generation of pcDNA3-E7 has been described previously. pSG5 
plasmids encoding BCL-xL and mt 7 (mt BCL-xL) (Cheng EH et ah 1996, supra in which aa 
135-137 (NW G) in the BH1 domain were changed to AIL were described previously. For 
generation of pcDNA3 -BCL-xL, BCL-xL was cut from pSG5 -BCL-xL by Bglll and was cloned 
5 into the unique BamHI cloning sites of the pcDNA3. l(-) expression vector (Invitrogen, 

Carlsbad, CA, USA). For generation of pcDNA3-mt BCL-xL, mt BCL-xL was cut from pSG5- 
mt BCL-xL by Bgin and was cloned into the unique BamHI cloning sites of the pcDNA3.1(-) 
expression vector. For the generation of E7/BLC-xL chimera (pcDNA-E7/BCL-xL), BCL-xL 
was cut from pSG5-BCLxL by BglE and was cloned into the unique BamHI cloning sites of the 

1 0 pcDNA3-E7. For the generation of E7/mt BLC-xL chimera (pcDNA-mt E7/BCL-xL), mt BCL- 
xL was cut from pSG5-mt BCL-xL by BglE and was cloned into the unique BamHI cloning sites 
of the pcDNA3-E7. pSCAl vector received from Dr Rod Bremner at the University of Toronto. 
This pSCAl vector contains human cytomegalovirus immediate- early gene (HCMV-IE) 
promoter upstream of the Semliki Forest virus replicon. The subgenomic promoter is located 

15 after the Semliki Forest virus replicon, upstream of a multiple cloning site for the insertion of 
genes of interest. pSCAl-E7 was reported previously (Hsu KF et ah 2001, Gene Ther 8:376- 
383). For the generation of pSCAl -BCL-xL, pSCAl-mt BCL-xL, pSCAl-E7/BCL-xL, and 
pSCAl-E7/mt BCL-xL, fragments of BCL-xL, mt BCL-xL, E7/BCL-xL, or E7/mt BCL-xL were 
cut from pcDNA3 vectors by BamHI-Pmel and cloned into BamHI-Smal sites of pSCAl, 

20 respectively. The accuracy of these constructs was confirmed by DNA sequencing. The DNA 
was amplified in Escherichia coli DH5a and purified as described previously. 

Mice and murine TC-1 tumor cell line See Example I. 

Survival of dendritic cell line. See Example HL Detection of dead cells was performed using 
propidium iodide (PI) from BD Bioscience, San Diego, CA according to vendor's protocol. The 
25 percent of cell death was analyzed using flow cytometry analysis by gating GFP+ cells, which 
represented the transfected cells. Data are expressed as percent of DC-V cell deaths. 

DNA vaccination. See Example I. Mice were immunized with 2 [ig of the pSCAl encoding 
BCL-xL, E7, E7/BCLxL, E7/mt BCL-xL, or no insert. The mice received a booster of the same 
composition 1 week later. 
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Intracellular cytokine staining and flow cytometry Analysis. See Examples, supra. 

In vivo tumor protection. See Examples, supra. C57BL/6 mice (5/group) were vaccinated via 
gene gun with 2 jug of pSCAl (no insert), pSCAl-BCL-xL, pSCAl-E7, or pSCAl-E7/BCL-xL 
via gene gun. One week after the last vaccination, mice were challenged s.c. with 5xl0 4 TC-1 
cells/ mouse in the right leg and then monitored twice a week. 

In vivo tumor treatment. See Examples, supra. Three days after i.v. inoculation of TC-1 tumor 
cells, mice were administered 2 jig of pSCAl (no insert), pSCAl -BCL-xL, pSCAl-E7, or 
pSCAl-E7/BCL-xL via gene gun; mice were boosted one week later. Mice were killed and 
lungs were explanted on day 21 for evaluation of pulmonary nodules. 

In vivo antibody depletion experiment. See Examples, supra. 

Statistical analysis. See Examples supra. 

B. Results 

The BCL-xL gene in a suicidal DNA vector reduces cell death in transfected cells 

The present inventors characterized and compared the pSCAl plasmid-driven expression 
of E7/BCL-xL and E7/mt BCL-xL proteins using Western blot analysis and noted that the 
expression levels of wild-type and mutant forms of the proteins were equivalent. 

To examine whether the linkage of BCL-xL gene to antigenic gene in a suicidal DNA 
vector can reduce suicidal DNA-induced cell death, the cell death of the various pSCAl DNA- 
transfected cells was measured using PL The DC variant (DC-V) cell line was selected as a 
model to investigate the survival of the DCs after transfecting these cells with various suicidal 
DNA constructs. Such immortalized clones display dendritic morphology, and many express the 
DC-specific markers DEC-205 and 33D1 as well as high levels of MHC molecules and 
costimulatory molecules (Shen et al, supra). Moreover, these cloned DCs can present 
exogenous antigens on both MHC class I and II molecules. 

In this study, the DC-V cells were transfected with apSCAl construct encoding (i) E7, 
(ii) BCL-xL, (iii) E7/BCL-xL, (iv) E7/ mt BCL-xL, or (v) no insert. pcDNA3, a plasmid vector 
that does not itself induce cell death, was used as a negative control. As shown in Figure 17 A, in 
DC-V cells transfected with pSCAl encoding either BCL-xL or E7/BCL-xL DNA, death was 
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delayed compared to DC-V cells transfected with pSCAl encoding either E7 or no insert. 
Transfection with various of the pSCAl vectors eventually led to cell death (by day 6 after 
transfection). Control transfection of DC-V cells with pcDNA3 vector did not lead to significant 
cell death by 6 days. These results demonstrated that the addition of BCL-xL gene to the pSCAl 
5 DNA vector significantly delayed cell death caused by the suicidal DNA vector. 

To confirm whether the above delay of cell death was due to the anti-apoptotic property 
of BCL-xL, a BCL-xL mutant (mt BCL-xL) lacking the ant-iapoptotic function was studied. As 
shown in Figure 17A, there was no significant difference in the percent of PI+ cells at day 1 
among DC-V cells transfected with the various pSCAl DNA constructs. However, by day 4 
10 (Figure 17B), the percent of PI+ cells among DC-V cells transfected with pSCAl encoding 
E7/mt BCL-xL (91%), or no insert (90%) was significantly higher than among DC-V cells 
transfected with pSCAl-E7/BCL-xL (34%). These results confirmed that the mutation in BCL- 
xL leading to abrogation of anti-apoptotic function of BCL-xL manifested itself in this system. 

TJie linkage of of BCL-xL to E7 in the pSCAl vector significantly enhanced the E7 -specific 
15 CD8+ T-cell-mediated immune responses in vaccinated mice. 

According to the inventors' conception, the delay of suicidal DNA-induced cell death 
due to the expression of BCL-xL would enhance the priming of antigen-specific T-cell responses 
when the construct was administered intradermally via gene gun. To assess the quantity of E7- 
specific IFNy-secreting CD8+ T-cell precursors generated by vaccination with the various 

20 pSCAl DNA constructs, intracellular cytokine staining followed by flow cytometry were 

performed. As shown in Figs 18A and 18B, C57BL/6 mice vaccinated with pSCAl-E7/BCL-xL 
generated the highest number of E7-specific IFNy-secreting CD8+ T-cell precursors (per 3 x 10 5 
splenocytes) (241.7+12.7) among the vaccinated groups with more than a 50-fold increase 
compared to mice vaccinated with pSCAl-E7 (4.0+1.0) (P<0.01). These results also indicated 

25 that DNA encoding the E7 antigen was required since pSCAl -BCL-xL did not enhance the 

number of E7-specific CD8+ T cells (2.7+0.6). These results indicate that the linkage of BCL- 
xL to E7 in a chimeric suicidal DNA vector vaccine significantly enhanced antigen-specific 
CD8+ T-cell- responses. 

The anti-apoptotic function of BCL-xL is important for enhanceed immune potentiation 
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To verify that the observed enhancement in the E7-specific CD8-1- T cell response was 
due to the anti-apoptotic property of BCL-xL, a BCL-xL mutant (mt BCL-xL) that lacks anti- 
apoptotic function was employed. The number of E7-specific IFNy-secreting CD8+ T cell 
precursors in mice vaccinated with pSCAl-E7/BCL-xL was compared with mice given pSCAl- 
E7/mtBCL-xL. As shown in Figures 18A and 18B, while vaccination with pSCAl-E7/BCL-xL 
suicidal DNA induced a high number of E7-specific IFNy-secreting CD8+ T-cell precursors (per 
3 x 10 5 splenocytes), 251.4+12.7, vaccination with the mutant pSCAl-E7/mt BCL-xL resulted 
in a significantly lower number, 42.5+7.2 (PO.001, ANOVA). Thus, the anti-apoptotic function 
of BCL-xL is necessary for it immunopotentiating capability when given in the form of a 
chimeric vaccine with antigen-encoding DNA. 

The inclusion of BCL-xL DNA with E7 DNA in the pSCAl vector significantly enhances El- 
specific antitumor effects 

To determine if the enhanced T cell-mediated immunity noted above led to a significant 

E7-specific antitumor effect, studies of in vivo tumor protection were conducted using the TC-1 

tumor. As shown in Figure 19A, 100% of C57BL/6 mice receiving the pSCAl - E7/BCL-xL 

suicidal DNA vaccine remained tumor-free 42 days after TC-1 challenge. In contrast, all mice 

receiving pSCAl (no insert), pSCAl-BCL-xL (lacking the antigen), or pSCAl-E7 suicidal DNA 

vectors developed tumors by day 10 after challenge. These results indicated that the linkage of 

BCL-xL gene to E7 DNA in a suicidal DNA vaccine significantly enhanced the E7-specific 

antitumor immunity. 

Antibody ablation studies in vivo were used to determine which lymphocyte subsets were 
important for theese antitumor effects. As shown in Figure 19B, all of the mice depleted of 
CD8+ T cells grew tumors within 2 weeks of challenge, while none of the mice depleted of 
CD4+ T cells or NK cells grew tumors 42 days after TC-1 challenge. These data confirm the 
importance of CD8+ T cells for the antitumor effects induced by the pSCAl-E7/BCL-xL 
suicidal DNA vaccine. 

Figure 19C shows results of tumor treatment studies using using a hematogenous spread 
model with TC-1 implanted i.v. Mice immunized with p S C A 1 -E7/B CL-xL suicidal DNA 
vaccine exhibited the fewest pulmonary tumor nodules (0.2±0.4, P<0.001 ? one-way ANOVA) 
compared to mice vaccinated with pSCAl (no insert) (51.2±5.6), pSCAl-BCL-xL (52.6+7.0), or 
pSCAl-E7 (36.8+14.3). These results are consistent with the report of Pirtskhalaishvili G et al 7 
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2000, J Immunol! 65: 1956-64, demonstrating that treatment of prostate cancer-bearing mice with 
B CL-xL- trans duced DCs resulted in significant inhibition of tumor growth. In conclusion, the 
present results demonstrate that vaccination with the S C A 1 -E7/B CL-xL suicidal DNA vaccine 
induces a potent protective and therapeutic immune response against an E7-expressing tumor. 
5 C. Discussion 

The B CL-xL protein was selected for testing herein because it is considered to be one of 
the most potent anti-apoptotic proteins. The previous Examples show results using number of 
anti-apoptotic polypeptides factors to enhance DC survival and antigen- specific CD 8+ T-cell 
immune responses when DNA encoding these polypeptides is co-administered with DNA 

10 encoding the antigen. These anti-apoptotic molecules included BCL~xL9 and BCL-2, members 
of the BCL-2 family of proteins; X-linked inhibitor of apoptosis protein (XIAP); and dominant- 
negative (dn) mutants of caspases such as dn caspase-9 and dn caspase-8 which have a mutation 
in the enzyme active site and serve as inhibitors of apoptosis. Results with these apoptosis 
inhibitors indicate that BCL-xL was most potent in enhancing antigen-specific immune 

15 responses and antitumor effects. BCL-xL, like BCL-2, localizes to outer mitochondrial 

membranes and prevents release of pro-apoptotic factors from mitochondria, such as cytochrome 
c and Smac/DIABLO. In addition, BCL-xL may inhibit apoptosis through a mitochondria- 
independent pathway (Medema et al. 9 1998, supra). Thus, BCL-xL may be able to inhibit 
apoptosis at multiple points along the programmed cell death pathway which explains its 

20 potency. 

The anti-apoptotic function of the BCL-xL molecules is clearly needed for its observed 
immunological enhancement though there may be additional explanations the observed effects. 
For example, BCL-2 family proteins have been suggested to alter the differentiation status of 
cells, raising title possibility that DCs transfected with suicidal DNA encoding chimeric E7/BCL- 

25 xL molecule may lead to phenotypic changes of the transfected DCs. Those changes could 

include expression of MHC class I, MHC class n, or co-stimulatory molecules (B7-1, B7-2, and 
others). However, there were not evident changes in these molecules in DC-V cells transfected 
with the various pSCA-1 constructs. Alternatively, the linkage of BCL-xL to E7 may influence 
the processing of E7 in transfected cells. This may explain the slight increase of E7- specific 

30 CD8+ T-cell precursors in mice vaccinated with the mutant BCL vector, pSCAl-E7/mt BCL- 
xL, when compared mice given only the antigen-expressing vector. Irrespective of what may be 
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learned about the BCL-xL molecule in the future, it has been established here that DNA 
encoding this polypeptide can be linked to antigen-encodig DNA and used to achieve enhanced 
antigen-specific CD8+ T-cell immune responses that have clinical significance. 

Some of the safety concerns of DNA vaccines were discussed in the foregoing Examples. 
5 The use of suicidal DNA vectors significantly alleviates some of these concerns directed to 
possible integration of vector DNA, and also alleviates the concern about vectors encoding 
oncogenic proteins such as the HPV-16 E6 and E7 and the BCL-xL protein. One strategy to 
further improve safety is to use molecules that are anti-apoptotic yet do not have the 
transforming property of BCL-xL. Such molecules include TRANCE (Wong BR et al, 1991, J 

10 Exp Med 755:2075-80), CD40 ligand (Esche C et al, 1999, Eur J Immunol 29: 2148-55), IL- 12 
(Ploemacher RE et al 9 1993, Leukemia 7:1381-88), IL-15 (Bykovskaia SN et al 9 1999, J 
Leukoc Biol 66:659-666) and SPI-6 (Example III), all of which references are incorporated by 
reference. Among these CD40 ligand,31 IL-12, and IL-15 have been tested for their ability to 
enhance conventional naked DNA vaccine potency. The present invention includes suicidal 

15 DNA vaccines wherein DNA encoding one of these anti-apoptotic proteins is linked to antigen- 
encodin DNA. 

It is known that that delivery of antigen to non-APCs and subsequent priming of T cells 
via a cross-priming mechanism may also contribute to the generation of specific CD 8+ T cells. 
The transfection of the DNA into non-APCs, such as keratinocytes, may eventually lead to the 

20 release of encoded antigen for uptake by APCs, such as DCs, which subsequently present 
antigen to naive T cells. Thus, the observed enhancement of the E7-specific CD8+ T-cell 
response generated by suicidal DNA encoding chimeric BCL-xL/E7 maybe, to some extent, 
related to this other antigen presentation mechanism. 

In summary, the present results demonstrate pSCAl -E7/BCL-xL suicidal DNA vaccine 

25 is a useful construct for induction of potent T cell immunity with fewer concerns about vector 
DNA integration and transformation associated with conventional DNA vaccines. Such vectors 
may comprise any antigen to which T cell immunity is desired, including a host of antigens 
present onf various tumors, viruses, virus-infected cells, bacteria, pathogenic tissues, and the 
like. 

30 The references cited above are all incorporated by reference herein, whether specifically 

incorporated or not. 
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Citation of the documents herein is not intended as an admission that any of them is 
pertinent prior art. All statements as to the date or representation as to the contents of these 
documents is based on the information available to the applicant and does not constitute any 
admission as to the correctness of the dates or contents of these documents. 
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WHAT IS CLAIMED IS: 

1. A nucleic acid composition useful as an immunogen, comprising a combination 

of 

(a) first nucleic acid vector comprising a first sequence encoding an antigenic 

polypeptide or peptide, which first vector optionally comprises a second sequence 
linked to said first sequence, which second sequence encodes an 
immunogenicity-potentiating polypeptide (IPP) ; 
b) a second nucleic acid vector encoding an anti-apoptotic polypeptide, 
wherein, when said second vector is administered with said first vector to a subject, a T cell- 
mediated immune response to said antigenic polypeptide or peptide is induced that is greater in 
magnitude and/or duration than an immune response induced by administration of said first 
vector alone. 

2. The composition of claim 1 wherein said first vector comprises said IPP. 

3. A nucleic acid composition useful as an immunogen comprising 

(a) a first nucleic acid sequence that encodes an antigenic polypeptide or peptide. 

(b) optionally, fused in frame with the first nucleic acid sequence, a linker nucleic 
acid sequence encoding a linker peptide; 

(c) a second nucleic acid sequence that is linked in frame to said first nucleic acid 
sequence or to said linker nucleic acid sequence and that encodes an IPP; and 

(d) a third nucleic acid sequence encoding an anti-apoptotic polypeptide. 

4. The composition of any of claims 1-3 wherein the IPP acts in potentiating an 
immune response by promoting: 

(a) processing of the linked antigenic polypeptide via the MHC class I pathway or 
targeting of a cellular compartment that increases said processing; 

(b) development, accumulation or activity of antigen presenting cells or targeting of 
antigen to compartments of said antigen presenting cells leading to enhanced 
antigen presentation; 

(c) intercellular transport and spreading of the antigen; or 

(d) any combination of (a)-(c) . 
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5. The composition of claim 4 wherein the IPP is: 

(a) the sorting signal of the lysosome-associated membrane protein type 1 
(Sig/LAMP-1) 

(b) a mycobacterial HSP70 polypeptide, the C-terminal domain thereof, or a 
functional homologue or derivative of said polypeptide or domain; 

(c) a viral intercellular spreading protein selected from the group of herpes simplex 
virus- 1 VP22 protein, Marek's disease virus VP22 protein or a functional 
homologue or derivative thereof; 

(d) an endoplasmic reticulum chaperone polypeptide selected from the group of 
calreticulin, ER60, GRP94, gp96, or a functional homologue or derivative thereof 

(e) a cytoplasmic translocation polypeptide domains of a pathogen toxin selected 
from the group of domain II of Pseudomonas exotoxin ETA or a functional 
homologue or derivative thereof; 

(f) a polypeptide that targets the centrosome compartment of a cell selected from y- 
tubulin or a functional homologue or derivative thereof; or 

(g) a polypeptide that stimulates dendritic cell precursors or activates dendritic cell 
activity selected from the group of GM-CSF, Flt3-ligand extracellular domain, or 
a functional homologue or derivative thereof. 

6. The composition of claim 1 or 3 wherein said anti-apoptotic polypeptide is 
selected from the group consisting of (a) BCL-xL, (b) BCL2, (c) XIAP, (d) FLICEc-s, (e) 
dominant-negative caspase-8, (f) dominant negative caspase-9, (g) SPI-6, and (h) a functional 
homologue or derivative of any of (a)-(g). 

7. The composition of claim 4 wherein said anti-apoptotic polypeptide is selected 
from the group consisting of (a) BCL-xL, (b) BCL2, (c) XIAP, (d) FLICEc-s, (e) dominant- 
negative caspase-8, (f) dominant negative caspase-9, (g) SPI-6, and (h) a functional homologue 
or derivative of any of (a)-(g). 

8. The composition of claim 5 wherein said anti-apoptotic polypeptide is selected 
from the group consisting of (a) BCL-xL, (b) BCL2, (c) XIAP, (d) FLICEc-s, (e) dominant- 
negative caspase-8, (f) dominant negative caspase-9, (g) SPI-6, and (h) a functional homologue 
or derivative of any of (a)-(g). 
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9. The composition of claim 1 or 3 wherein the antigenic peptide comprises an 
epitope that binds to and is presented on the cell surface by MHC class I proteins. 

10. The composition of claim 9 wherein the epitope is between about 8 and about 1 1 
amino acid residues in length. 

5 11. The composition of claim 1 or 3 wherein the antigenic polypeptide or peptide is: 

(i) is derived from a pathogen selected from the group consisting of a mammalian 
cell, a microorganism or a virus; 

(ii) cross-reacts with an antigen of the pathogen; or 

(iii) is expressed on the surface of a pathogenic cell. 

10 12. The composition of claim 1 1 wherein the virus is a human papilloma virus. 

13. The composition of claim 12, wherein the antigen is an HPV-16 E6 or E7 
peptide. 

14. The composition of claim 1 1 wherein the pathogen is a bacterium. 

15. The composition of claim 1 ? wherein the antigenic polypeptide or peptide is a 
15 tumor-specific or tumor- associated antigen. 

16. The composition of claim 1 wherein the first vector comprises a promoter 
operatively linked said first and/or said second sequence. 

17. The composition of claim 3 which comprises a promoter operatively linked to one 
or more of said first, second and sequences. 

20 18. The composition of claim 1 6, wherein the promoter is one which is expressed in 

an antigen presenting cell (APC). 

19. The composition of claim 18, wherein the APC is a dendritic cell. 

20. A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the first vector of claim 1 or 2. 

25 21 . A particle comprising a material is suitable for introduction into a cell or an 

animals by particle bombardment to which is bound the second vector of claim 1 or 2. 



126 



WO 2005/047501 



PCT/US2004/005292 



22. A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the first and the second vector of claim 1 or 
2. 

23 . A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the composition of claims 3. 

24. A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the composition of claim 4. 

25. A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the composition of claim 5. 

26. A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the composition of claim 6. 

27. A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the composition of claim 7. 

28. A particle comprising a material is suitable for introduction into a cell or an 
animals by particle bombardment to which is bound the composition of claim 8. 

29. The particle of any of claims claim 20-28, wherein the material is gold. 

30. A pharmaceutical composition capable of inducing or enhancing an antigen 
specific immune response, comprising the composition of any of claims 1-19 and a 
pharmaceutical^ acceptable 'carrier or excipient. 

31. A pharmaceutical composition capable of inducing or enhancing an antigen 
specific immune response, comprising the particle of any of claims claim 20-29, and a 
pharmaceutically acceptable carrier or excipient. 

32. A method of inducing or enhancing an antigen specific immune response in a 
subject comprising administering to the subject an effective amount of the composition of claim 
1, 2 or 3, thereby inducing or enhancing the antigen specific immune response. 

33. A method of inducing or enhancing an antigen specific immune response in a 
subject comprising administering to the subject an effective amount of the composition of claim 
4, thereby inducing or enhancing the antigen specific immune response. 

127 



WO 2005/047501 



PCT/US2004/005292 



34. A method of inducing or enhancing an antigen specific immune response in a 
subject comprising administering to the subject an effective amount of the composition of claim 

5, thereby inducing or enhancing the antigen specific immune response. 

35. A method of inducing or enhancing an antigen specific immune response in a 

5 subject comprising administering to the subject an effective amount of the composition of claim 

6, thereby inducing or enhancing the antigen specific immune response. 

36. A method of inducing or enhancing an antigen specific immune response in a 
subject comprising administering to the subject an effective amount of the composition of claim 

7, thereby inducing or enhancing the antigen specific immune response. 

10 37. A method of inducing or enhancing an antigen specific immune response in a 

subject comprising administering to the subject an effective amount of the composition of claim 

8, thereby inducing or enhancing the antigen specific immune response. 

38. A method of inducing or enhancing an antigen specific immune response in a 
subject comprising administering to the subject an effective amount of the composition of claim 

15 11, thereby inducing or enhancing the antigen specific immune response. 

39. A method of inducing or enhancing an antigen specific immune response in a 
subject, comprising administering to the subject an effective amount of the composition of claim 
13, thereby inducing or enhancing the antigen specific immune response. 

40. A method of inducing or enhancing an antigen specific immune response in a 

20 subject, comprising administering to the subject an effective amount of the particles of claim 20, 
thereby inducing or enhancing the antigen specific immune response. 

41 . A method of inducing or enhancing an antigen specific immune response in a 
subject comprising administering to the subject an effective amount of the particles of claim 23, 
thereby inducing or enhancing the antigen specific immune response. 

25 42. A method of inducing or enhancing an antigen specific immune response in a 

subj ect, comprising administering to the subject an effective amount of the particles of any of 
claims 21, 22, or 24-29, thereby inducing or enhancing the antigen specific immune response. 
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44. The method of claim 32, wherein the antigen specific immune response is 
mediated at least in part by CD8 + cytotoxic T lymphocytes (CTL). 

45. The method of claim 33, wherein the antigen specific immune response is 
mediated at least in part by CD8 + CTL. 

46. The method of claim 34, wherein the antigen specific immune response is 
mediated at least in part by CD8 + CTL. 

47. The method of claim 36, wherein the antigen specific immune response is 
mediated at least in part by CD8 + CTL. 

48. The method of claim 38, wherein the antigen specific immune response is 
mediated at least in part by CD8 + CTL. 

49. The method of claim 39, wherein the antigen specific immune response is 
mediated at least in part by CD8 + CTL. 

50 The method of claim 40, wherein the antigen specific immune response is 
mediated at least in part by CD8 + CTL. 

5 1 . The method of claim 41, wherein the antigen specific immune response is 
mediated at least in part by CD8 + CTL. 

52. The method of claim 32, wherein the composition is administered to a human. 

53. The method of claim 40, wherein the particles are administered to a human. 

54. The method of claims 32, wherein the composition is administered intradermally. 

55. The method of claims 40, wherein the particles are administered intradermally. 

56. The method of claim 32 wherein the composition is administered intratumorally 
or peritumorally. 

57. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 
antigen in a subject comprising administering an effective amount of the composition of claim 1, 
2 or 3 wherein the antigenic peptide comprises an epitope that binds to and is presented on the 
cell surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + 
CTLs. 
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58. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 
antigen in a subject comprising administering an effective amount of the composition of claim 3, 
wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 
surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 

5 59. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 

antigen in a subject comprising administering an effective amount of the composition of claim 4, 
wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 
surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 

60. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 
10 antigen in a subject comprising administering an effective amount of the composition of claim 5, 

wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 
surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 

61. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 
antigen in a subject comprising administering an effective amount of the composition of claim 6, 

15 wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 

surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 

62. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 
antigen in a subject comprising administering an effective amount of the composition of claim 7, 
wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 

20 surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 

63. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 
antigen in a subject comprising administering an effective amount of the composition of claim 8, 
wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 
surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 

25 64. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 

antigen in a subject comprising administering an effective amount of the composition of claim 
1 1, wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 
surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 
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65. A method of increasing the numbers of CD8 + CTLs specific for a selected desired 
antigen in a subject comprising administering an effective amount of the composition of claim 
13, wherein the antigenic peptide comprises an epitope that binds to and is presented on the cell 
surface by MHC class I proteins, thereby increasing the numbers of antigen-specific CD8 + CTLs. 

66. A method of inhibiting the growth of a tumor in a subject comprising 
administering an effective amount of the composition of any of claims 1-1 3, thereby inhibiting 
growth of the tumor. 

67. A method of inhibiting the growth of a tumor in a subject comprising 
administering an effective amount of the particles of any of claims 20-29, thereby inhibiting 
growth of the tumor. 
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